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Introducing  premeasured,  premixed  DuoN, 

It's  the  first  and  only  one-step  dual-therapy  nebuli; 
for  COPD,  with  improved  efficacy  over  aibuterdF"! 
alone — and  no  Increased  safety  risk.' 

DuoNeb  is  indicated  for  the  treatment  of  bronchospasm 
associated  with  COPD  in  patients  requiring  more  than  one  i 

bronchodilator  In  a  1 2-week  clinical  study,  the  most  common 
adverse  reactions  reported  with  DuoNeb  Inhalation  Solution 
were  chest  pain,  pharyngitis,  diarrhea,  bronchitis,  nausea  and 
leg  cramps. 

Albuterol  sulfate  can  have  a  significant  cardiovascular  effect, 
significant  hypokalemia  and  the  potential  life-threatening 
paradoxical  bronchospasm.  Caution  is  advised  in  patients  with 
convulsive  disorders,  hyperthyroidism,  diabetes  mellitus,  narrow-angle 
glaucoma,  prostatic  hypertrophy  or  bladder-neck  obstruction. 
Co-administration  of  DuoNeb  Inhalation  Solution  and  other 
sympathomimetic  agents  may  increase  the  risk  of  adverse 
cardiovascular  effects. 
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Please  see  following  page  for  prescribing  information. 


uoNeb 

)ium  bromide  and  albuterol  sultate) 


So  ulion 


Nebulize  I  QfD 


The  first  and  only  on  _ 
nebulizer  solution  for  C 

Vial  Contains:  0.5  mg  Ipratropium  Bromide 

3.0  mg  Albuterol  Sulfate 

(equivalent  to  2.5  mg  Albuterol  Base) 

^^v        800-7S5-5560 
^  ^      www.deyinc.com 
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DuoNeb^'^ 

(Ipratropium  Bromide  0  5  mg/Albuterol  Sulfate  3.0  mg*) 

Inhalation  Solution 

'Equivalent  to  2.5  mg  albuterol  base 

BRIEF  SUMMARY  OF  PRESCRIBING  INFORMATION 
INDICATIONS  AND  USAGE 

OuMfiri  ;■  ,  I.,.;.;,;  !>..(  Ill-  K-Miiiiriii  ui  t)rn(n.iw>pjsin  associated  with  COPO  in  patients  raqulring  more  than 
one  t)roncniHliiJior 

CONTnAtNDICATIONS 

DuoNeb  IS  contramdicaled  in  patients  with  a  history  of  hypersensitivity  to  any  oi  its  components,  or  to  atropine 

jnd  Its  defivjtivps 

WARNINGS 

Paradoxical  Bronchospasm:  In  the  clinical  study  of  DuoNeb,  paradoxical  bronchospasm  was  not  observed 
However,  paradoxical  bronchospasm  tias  been  observed  with  botti  inhaled  ipratropium  bromide  and  albuterol 
products  and  can  be  hte-threalening  It  this  occurs,  DuoNeb  should  be  discontinued  immediately  and  alternative 
therapy  instituted 

Do  Not  Exceed  Recommended  Dose:  Fatalities  have  been  reported  in  association  with  excessive  use  ot  inhaled 
products  containing  sympathomimetic  amines  and  with  the  home  use  ol  nebulizers. 
Canlio vascular  Effect:  DuoNeb,  like  other  beta  adrenergic  agonists,  can  produce  a  clinically  significant  cardio- 
vascular effect  m  some  patients  as  measured  by  pulse  rate,  blood  pressure,  and/or  symptoms  Although  such 
effects  are  uncommon  for  DuoNeb  at  recommended  doses,  if  they  occur,  the  drug  may  need  to  be  discontin- 
ued In  addition,  beta  agonists  have  been  reported  to  produce  ECG  changes,  such  as  flattening  ot  the  T-wave, 
prolongation  of  the  QTc  interval,  and  ST  segment  depression  The  clinical  significance  of  these  findings  is 
unknown  Therefore  DuoNeb,  like  other  sympathomimetic  amines,  should  be  used  with  caution  in  patients  with 
cardiovascular  disorders,  especially  coronary  insutticiency.  cardiac  arrhythmias,  and  hypertension 
Immediate  Hypersensitivity  Reactions:  Immediate  hypersensitivity  reactions  to  albuterol  and/or  ipratropium 
bromide  may  occur  after  the  administration  of  DuoNeb  as  demonstrated  by  rare  cases  ot  urticana.  angioedema. 
rash  pruritus,  oropharyngeal  edema,  bronchospasm.  and  anaphylaxis. 
PRECAUTIONS 
General 

1  Effects  Seen  with  Sympathomimetic  Drugs.  As  with  all  products  containing  sympathomimetic  amines, 
DuoNeb  should  be  used  with  caution  in  patients  with  cardiovascular  disorders,  especially  coronary  insufficiency, 
cardiac  arrtiylhmias,  and  hypertension,  in  patients  with  convulsive  disorders,  hyperthyroidism,  or  diabetes  mel- 
litus,  and  m  patients  who  are  unusually  responsive  to  sympathomimetic  amines  Large  doses  of  intravenous 
albuterol  have  been  reported  to  aggravate  pre-existing  diabetes  mellitus  and  ketoacidosis  Additionally,  (1-agonists 
may  cause  a  decrease  in  serum  potassium  in  some  patients,  possibly  through  intracellular  shunting.  The 
decrease  is  usually  transient,  not  requiring  supplementation 

2  Effects  Seen  with  Anticholinergic  Drugs  Due  to  the  presence  ot  ipratropium  bromide  in  DuoNeb,  it  should  be 
used  with  caution  m  patients  with  narrow-angle  glaucoma,  prostatic  hypertrophy,  or  bladder-neck  obstruction, 
3.  Use  in  Hepatic  or  Renal  Diseases.  DuoNeb  has  not  been  studied  in  patients  with  hepatic  or  renal  insufficiency. 
It  should  be  used  with  caution  in  these  patient  populations 

Information  tor  Patients 

The  action  of  DuoNeb  should  last  up  to  5  hours.  DuoNeb  should  not  be  used  more  frequently  than  recom- 
mended Patients  should  be  instructed  not  to  increase  the  dose  or  frequency  of  DuoNeb  without  consulting  their 
healthcare  provider  It  symptoms  worsen,  patients  should  be  instructed  to  seek  medical  consultation. 
Patients  must  avoid  exposing  their  eyes  to  this  product  as  temporary  papillary  dilation,  blurred  vision,  eye  pain, 
or  precipitation  or  worsening  o(  narrow-angle  glaucoma  may  occur,  and  therefore  proper  nebulizer  technique 
should  be  assured,  particularly  if  a  mask  is  used 

It  a  patient  becomes  pregnant  or  begins  nursing  while  on  DuoNeb,  they  should  contact  their  healthcare  provider 
about  use  ot  DuoNeb. 
See  the  illustrated  Patient's  Instruction  for  Use  in  the  product  package  insert 

Drug  Interactions 

Anticholinergic  agents.  Although  ipratropium  bromide  is  minimally  absorbed  into  the  systemic  circulation,  there 
IS  some  potential  for  an  additive  interaction  with  concomitantly  used  anticholinergic  medications.  Caution  is. 
therefore,  advised  in  the  co-administration  ot  DuoNeb  with  other  drugs  having  anticholinergic  properties. 
[i-adrenergig  agents  Caution  is  advised  in  the  co-administralion  of  DuoNeb  and  other  sympathomimetic  agents 
due  to  the  increased  risk  ot  adverse  cardiovascular  effects 

p-receotor  blocking  agents,  Ttiese  agents  and  albuterol  sulfate  inhibit  the  effect  ot  each  other,  [i-receptor  block- 
ing agents  should  be  used  with  cauhon  in  patients  with  hyperreactive  airways,  and  if  used,  relatively  selective  fl. 
selective  agents  are  recommended 

CililfillCl  Tbe  electrocardiogram  (ECG)  changes  and/or  hypokalemia  that  may  result  trom  the  administration  of 
non-polassium  spanng  diuretics  (such  as  loop  or  thiazide  diuretics)  can  be  acutely  worsened  by  [i-agonists, 
especially  when  the  recommended  dose  of  the  [i-agomst  is  exceeded  Although  the  clinical  significance  ol  these 
effects  IS  not  known,  caution  is  advised  in  the  co-administration  ot  [i-agonist-contaming  drugs,  such  as  DuoNeb, 
with  non-potassium  sparing  diuretics 

Monoamine  oxidase  inhibitors  or  tncvclic  antidepressants  DuoNeb  should  be  administered  with  extreme  cau- 
tion to  patients  being  treated  with  monoamine  oxidase  inhibitors  or  tncyclic  antidepressants,  or  within  2  weeks 
of  discontinuation  of  such  agents  because  the  action  ot  albuterol  sulfate  on  the  cardiovascular  system  may  be 
potentiated 

Carcinogenesis,  Mutagenesis,  Impairment  of  Fertility 

Albuterol  Sulfate  In  a  2-year  study  in  Sprague-Dawley  rats,  albuterol  sulfate  caused  a  significant  dose-related 
increase  m  the  incidence  of  benign  leiomyomas  ot  tfie  mesovanum  at  and  above  dietary  doses  of  2  mg/kg 
(approximately  equal  to  the  maximum  recommended  daily  inhalation  dose  tor  adults  on  a  mg/m^  basis).  In 
anottier  study,  this  effect  was  blocked  by  the  coadministration  ot  propranolol,  a  non-selective  beta-adrenergic 
antagonist 

In  an  18-month  study  in  CO-1  mice,  albuterol  sulfate  showed  no  evidence  of  tumorigenicity  at  dietary  doses  up 
to  500  mg/Vg  (approximately  140  times  the  maximum  recommended  daily  inhalation  dose  for  adults  on  a  mg/m- 
basiS)  In  a  22-monlh  study  in  Golden  hamsters,  albuterol  sulfate  showed  no  evidence  ot  tumorigenicity  at 
dietary  doses  up  to  50  mg/kg  {approximately  20  times  the  maximum  recommended  daily  inhalation  dose  tor 
adults  on  a  mg/m^  basis) 

Albuterol  sulfate  v«s  not  mutagenic  m  the  Ames  test  or  a  mutation  lest  in  yeast  Albuterol  sulfate  v«s  not  clas- 
togenic  m  a  human  penpheral  ^mphocyte  assay  or  in  an  AH1  strain  mouse  micronucleous  assay 
Reproduction  studies  in  rats  demonstrated  no  evidence  of  impaired  fertility  at  oral  doses  of  albuterol  sulfate  up  to 
50  mg/kg  (approximately  25  times  the  maximum  recommended  daily  inhalation  dose  tor  adults  on  a  mg/m^  basis) 
Ipratropium  bromide:  in  2-year  studies  m  Sprague-Dawley  rats  and  CO-1  mice,  ipratropium  bromide  showed  no 
evidence  of  tumongenicity  at  oral  doses  up  to  6  mg/kg  (approximately  15  times  and  8  hmes  the  maximum  rec- 
ommended daily  inhalation  dose  tor  adults  m  rats  and  mice  respectively,  on  a  mg/m-  basis) 
Ipratropium  bromide  was  not  mutagenic  in  the  Ames  test  and  mouse  dominant  lethal  test  Ipratropium  bromide 
was  not  clastogenic  in  a  mouse  micronucleous  assay 

A  reproduction  study  in  rats  demonstrated  decreased  conception  and  increased  resorptions  when  ipratropium 
bromide  was  administered  orally  at  a  dose  of  90  mg/kg  (approximately  240  times  the  maximum  recommended 
daily  inhalation  dose  tor  adults  on  a  mg/m^  basis).  These  effects  were  not  seen  with  a  dose  of  50  mg/kg  (approx- 
imately 140  times  the  maximum  recommended  daily  inhalation  dose  lor  adults  on  a  mg/m^  basis). 
Pregnancy 

TERATOGENIC  EFFECTS:  Pregnancy  Category  C 

Albuterol  sulfate:  Pregnancy  Category  C  Albuterol  sulfate  has  been  shown  to  be  teratogenic  in  mice  A  study  In 
CO-t  mice  given  albuterol  sulfate  subcutaneousW  showed  cleft  palate  formation  in  5  of  ill  (4  5%)  fetuses  at 
0.25  mg/kg  (less  than  the  maximum  recommended  daity  inhalation  dose  for  adults  on  a  mg/m-  basis)  and  in  10 
ol  108  (9,3%)  fetuses  at  2.5  mg/kg  (approximately  equal  to  the  maximum  recommended  daily  inhalation  dose 


for  adults  on  a  mg/m'  basis)  The  drug  did  not  induce  cleft  palate  formation  when  administered  subcutaneous- 
ly  at  a  dose  of  0,025  mg/kg  (less  than  the  maximum  recommended  daily  inhalation  dose  for  adults  on  a  mg/m^ 
basis)  Cleft  palate  formation  also  occurred  in  22  ot  72  (30  S'o)  fetuses  trom  females  treated  subculaneously 
with  2  5  mg/kg  isoproterenol  (positive  control) 

A  reproduction  study  in  Stnde  rabbits  revealed  cranioschisis  in  7  ol  19  (37%)  fetuses  when  albuterol  was  admin- 
istered orally  at  a  dose  ot  50  mg/kg  (approximately  55  times  the  maximum  recommended  daily  inhalation  dose 
lor  adults  on  a  mg/m'  basis) 

A  study  in  which  pregnant  rats  were  dosed  with  radiolabeled  albuterol  sulfate  demonstrated  that  drug-related 
material  is  transferred  irom  the  maternal  circulation  to  the  fetus 

During  worldwide  marketing  experience,  various  congenital  anomalies,  including  cleft  palate  and  limb  detects, 
have  been  reported  m  the  offspring  of  patients  being  treated  with  albuterol  Some  ot  the  mothers  were  taking 
multiple  medications  during  their  pregnancies  Because  no  consistent  pattern  ol  defects  can  be  discerned,  a  rela- 
tionship between  albuterol  use  and  congenital  anomalies  has  not  been  established 
Ipratropium  bromide.  Pregnancy  Category  B  Reproduction  studies  m  CD-I  mice,  Sprague-Dawley  rats  and  f^ew 
Zealand  rabbits  dernonstrated  no  evidence  of  teratogenicity  at  oral  doses  up  to  10, 100,  and  125  mg/kg,  respec- 
tively (approximately  15,  270,  and  680  times  the  maximum  recommended  daily  inhalation  dose  for  adults  on  a 
mg/m-  basis)  Reproduction  studies  in  rats  and  rabbits  demonstrated  no  evidence  of  teratogenicity  at  inhalation 
doses  up  to  1.5  and  18  mg/kg,  respectively  (approximately  4  and  10  times  the  maximum  recommended  daily 
inhalation  dose  for  adults  on  a  mg/m^  basis)  There  are  no  adequate  and  v/ell-controlled  studies  of  the  use  of 
DuoNeb.  albuterol  sulfate,  or  ipratropium  bromide  in  pregnant  women  DuoNeb  should  be  u^d  dunng  preg- 
nancy only  it  the  potential  benefit  lustifies  the  potential  nsk  to  the  fetus. 
Labor  and  Delivery 

Oral  albuterol  sulfate  has  been  shown  to  delay  preterm  labor  in  some  reports  Because  ol  the  potential  of 
albuterol  to  interfere  with  uterine  contractility,  use  of  DuoNeb  during  labor  should  be  restricted  to  those  patients 
in  whom  the  benefits  clearly  outweigh  the  risks, 

Nursing  Mothers 

It  IS  not  known  whether  the  components  ot  DuoNeb  are  excreted  in  human  milk  Although  lipid-insolubte  qua- 
ternary bases  pass  into  breast  milk,  it  is  unlikely  that  ipratropium  bromide  would  reach  the  infant  to  an  impor- 
tant extent,  especially  when  taken  as  a  nebulized  solution  Because  ol  the  potential  for  tumorigenicity  shov/n  for 
albuterol  sulfate  in  some  animals,  a  decision  should  be  made  whether  to  discontinue  nursing  or  discontinue 
DuoNeb,  taking  into  account  the  importance  ot  the  drug  to  the  mother 
Pediatric  Use 

The  safely  and  effectiveness  of  DuoNeb  in  patients  below  18  years  of  age  have  not  been  established 
Geriatric  Use 

Ot  the  total  number  of  subjects  in  clinical  studies  ot  DuoNeb,  62  percent  were  65  and  over,  while  19  percent  were 
75  and  over  No  overall  differences  in  safety  or  etlectiveness  v/ere  observed  betv/een  these  subjects  and  younger 
subjects,  and  other  reported  clinical  expenence  has  not  identified  differences  m  responses  between  the  elderly 
and  younger  patients,  but  greater  sensitivity  ot  some  older  individuals  cannot  be  ruled  out 

ADVERSE  REACTIONS 

Adverse  reaction  inlormaftnn  ronr*>rfiinfj  DiioNeh  was  dpnvofl  fmrn  the  12-wppk  rnnirolled  clinical  tnal 


ADVERSE  EVENTS  OCCURRING  IN     1%  OF     1  TREATMENT  GROUP(S)  AND  WHERE  THE 
COMBINATION  TREATMENT  SHOWED  THE  HIGHEST  PERCENTAGE 

Body  System 
COSTART  Term 

Albuterol 
n  (%) 

Ipratropium 
n  (%) 

DuoNeb 
n  (%) 

NUMBER  OF  PATIENTS 

761 

754 

765 

N  (%|  Patients  with  AE 

327  (43-0) 

329  (43.6) 

367  (48.0) 

Boov  AS  A  Whole 

Pain 

8(1.1) 

4(0.5) 

10(1.3) 

Pain  chest 

11  (1.4) 

14(1.9) 

20  (2.6) 

Digestive 

Diarrhea 

5  (0.7) 

9(1.2) 

14(1.8) 

Dyspepsia 

7  (0.9) 

8(1.1) 

10(1.3) 

Nausea 

7  (0.9) 

6  (0.8) 

11  (1.4) 

Musculo-Skeletai 

Cramps  leg 

8(1.1) 

6  (0.8) 

11  (1.4) 

Respiratory 

Bronchitis 

11  (1-4) 

13(1.7) 

13(1.7) 

Lung  Disease 

36(4.7) 

34  (4.5) 

49  (6.4) 

Pharyngitis 

27(3.5) 

27  (3.6) 

34  (4.4) 

Pneumonia 

7  (0.9) 

8(1.1) 

10(1.3) 

Urogenital 

Infection  urinary  tract 

3  (0.4) 

9(1.2) 

12(1.6) 

Additional  adverse  reactions  reported  in  more  than  1%  of  patients  treated  with  DuoNeb  included  constipation 
and  voice  alterations 

In  the  clinical  tnal,  there  was  a  0,3%  incidence  ot  possible  allergic-type  reactions,  including  skin  rash,  pruritus, 
and  urticana. 

Additional  information  derived  from  the  published  literature  on  the  use  of  albuterol  sulfate  and  ipratropium  bro- 
mide singly  or  in  combination  includes  precipitation  or  worsening  ot  narrow-angle  glaucoma,  acute  eye  pain. 
blurred  vision,  paradoxical  bronchospasm,  wheezing,  exacerbation  ot  COPD  symptoms,  dro'.vsiness,  aching. 
flushing,  upper  respiratory  tract  infection,  palpitations,  taste  perversion,  elevated  heart  rate,  sinusitis,  back  pain 
and  sore  throat 

DOSAGE  AND  ADMINISTRATION 

The  recommended  dose  ot  DuoNeb  is  one  3  mL  vial  administered  4  times  per  day  via  nebulization  v/ilh  up  to 
2  additional  3  mL  doses  allowed  per  day,  if  needed  Safety  and  efficacy  of  additional  doses  or  increased  fre- 
quency ot  administration  ol  DuoNeb  beyond  these  guidelines  has  not  been  studied  and  the  safety  and  efficacy 
of  extra  doses  of  albuterol  sulfate  or  ipratropium  bromide  in  addition  to  the  recommended  doses  ol  DuoNeb 
have  not  been  studied. 

The  use  of  DuoNeb  can  be  continued  as  medically  indicated  to  control  recurnng  bouts  ot  bronchospasm,  11  a 
previously  effective  regimen  fails  to  provide  the  usual  relief,  medical  advice  should  be  sought  immediately,  as 
this  is  often  a  sign  of  worsening  COPD,  which  would  require  reassessment  of  therapy. 
A  Pari-LC-Plus^"  nebulizer  (with  face  mask  or  mouthpiece)  connected  to  a  PRONEB™  compressor  v/as  used  to 
deliver  DuoNeb  to  each  patient  m  one  U  S  clinical  study.  The  safety  and  efficacy  of  DuoNeb  delivered  by  other 
nebulizers  and  compressors  have  not  been  established. 

DuoNeb  should  be  administered  via  jet  nebulizer  connected  to  an  air  compressor  with  an  adequate  air  flow. 
equipped  with  a  mouthpiece  or  suitable  face  mask_ 

HOW  SUPPLIED 

DuoNeb  is  supplied  as  a  3-mL  stenle  solution  tor  nebulization  in  stenle  low-density  polyethylene  unit-dose  vials, 
Cards  of  five  vials  are  placed  into  a  foil  pouch  Supplied  in  cartons  as  listed  below, 

NDC  49502-672-30  30  vials  per  carton 

NOC  49502-672-60  60  vials  per  carton 

Store  between  2X  and  25°C  (36°F  and  77T)  Protect  from  light 

/\ 
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1.  Gross  N.  TastiKIn  D.  Miller  R,  el  al.  Inhalatiort  by  nebulization  of  albuterol-ipratropium 
combination  (Dey  combination)  is  superior  to  either  agent  alone  in  ttie  treatment  ol  ctiron- 
ic  obstructive  pulmonary  disease  Respiration  1998;65:354-362 
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New  Advancements  In 
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OMF    RRFATH    At   a   Ti  MP  Asthma  is  a  serious,  allergy-related  breathing 
wINL    Dr\L./-\in    r\  I — r\ — I  I  IVIi-  ijifficulty  characterized  by  gasping,  coughing, 
wheezing  and  sometimes  a  frightening  inability  to  take  a  breath.  Children  suffer  greatly  with 
asthma,  but  many  people  are  unaware  that  this  disease  affects  adults  as  well.  The  number  of 
asthma  sufferers  in  the  U,S,  has  increased  to  unprecedented  numbers  and  has  many  physicians 
and  researchers  working  hard  to  get  at  the  cause.  While  we  wrestle  with  air  pollutants,  some 
experts  are  faulting  American's  fetish  with  cleanliness. 

Breakthroughs  with  treatments  have  made  the  fight  for  breath  an  easier  one  with  understanding 
of  particularly  damaging  allergens  and  hereditary  backgrounds.  If  you  or  a  family  member  suffer 
with  Asthma,  you  need  to  watch  this  program  to  learn  of  the  research  that  has  produced  new 
and  better  ways  to  treat  it. 

ASTHMA:  One  Breath  At  A  Time  is  co-hosted  by  Sally  Wenzel,  M,D,.  Pulmonary  Division, 
Department  of  Medicine,  National  Jewish  tVledical  and  Research  Center  in  Denver  and  Robert 
Lemanske,  M,D.,  Professor  of  Pediatrics  and  Medicine  at  the  University  of  Wisconsin  Hospital, 
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a  breath  delivery  platform  that  can  be  upgraded 
and  enhanced  as  your  clinical  needs  change. 
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840  Ventilator  System 
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V 


Puritan  Benn 


whtilators 


stay  ahead  in  ventilation  technology. 

Call  your  Puritan  Bennett  Sales  Representative, 

or  call  1.800.635.5267. 

ttfca 


Healthcare 

PURITAN 
BENNETT 


O  2001  Nellcof  Puritan  Benrvelt  Inc  All  nghts  reserved 


Circle  145  on  product  info  card 


I 


AUGUST  2001  /  VOLUME  46  /  NUMBER  8 


FOR  INFORMATION. 
CONTACT: 

AARC  Membership 
or  Other  AARC  Services 

Anienc.in  Association  tor  Respira- 
tory Care 
11030  Abies  Ln 
Dalias  TX  75229-4593 
(972)  243-2272  •  Fax  (972)  484-2720 
http://www.aarc, org 

Therapist  Registration  or 

Technician  Certification 

National  Board  for  Respiratory 

Care 

8310Nieman  Rd 

LenexaKS  66214 

(913)  599-4200  •  Fax  (913)  541-0156 

ht1p://www,nbrc,org 

Accreditation  of  Education 
Programs 

Committee  on  Accreditation  for 

Respiratory  Care 

1701  W  Euless  Blvd.  Suite  300 

Euless  TX  76040 

(817)  283-2835  •  Fax  (817)  354-8519 

http://www.coarc.CQm 

Grants.  Scholarships. 
Community  Projects 

American  Respiratory  Care  Foun- 
dation 

11030  Abies  Ln 
Dallas  TX  75229-4593 
(972)  243-2272  •  Fax  (972)  484-2720 

AARC  Government  Affairs  Office 

Director  of  Govt  Affairs 

Jill  Eicher 

1225  King  St.  Second  Floor 

Alexandria  VA  22314 

(703)  548-8538  Fax  (703)  548-8499 

eicher@aarc.org 

Director  of  State  Govt  Affairs 
Cheryl  West  MHA 
8630  Braeswood  Pt.  #2 
Colorado  Springs,  CO  80920 
(719)  535-9970  west@aarc.org 


KI^SPIRMDR^  CVKK  (ISSN  (K)2(l-I.i:4.  ISPS  lUS') 
190)  IS  puhlrshcd  monUily  by  Daedalus  Enlcrpriscs  Inc.  al 
1 10.10  Abies  Lane,  Dallas  TX  75229.4.'i9.1.  for  ihc  Amer- 
ican Asstx'ialiun  lor  Respiratory  Care,  C>ne  volunic  is 
published  per  year  beginning  each  January.  Subscription 
rales  are  S75  per  year  in  the  US;  590  in  all  other  countries 
(for  airmail,  add  S94). 

The  contents  of  the  Journal  are  indexed  in  /m/ci 
A/<-</i<H.v/MEDLlNE.  Hospital  and  Health  Administration 
Index.  Cumulative  Index  to  Nursing  and  .Mlieil  Health 
Literature.  EMBASE/Exerpla  Medica.  and  RNdex  Li- 
brary Edition,  Abridged  versions  of  RI--SI'IRATORY 
Care  arv  also  published  in  Italian,  Erench.  and  Japane,se. 
with  permission  from  Daedalus  Enterprises  Inc. 

Periodicals  postage  paid  at  Dallas  T,\  and  al  additional 
mailing  offices,  POSTMASTER:  Send  address  changes  to 
RF-SPIRATORY  Care.  Membership  Office.  Daedalus  En- 
terprises Inc.  I  in.lO  Abies  Lane.  Dallas  TX  7.'i2:9-4.'i9.1. 

@  Printed  on  acid-free  paper. 

Printed  in  the  UnifftI  Slatfs  of  America 

Copyright  O  2001,  by  Paeilalits  l^nterpri.\es  Inc. 


EDITORIALS 


New  InkTiKitioniil  Guidelines  tor  Chronic  Obstructive 

Pulmonary  Uisca,sc 

hy  DiiviilJ  Pierscm—Seallle,  Washiiinum 

ORIGINAL  CONTRIBUTIONS 


768 


Weaning  C'hiklren  tVoin  Meehanical  Ventilalion:  A  Prospective  Randimii/eiJ 

Trial  ot  Prolocol-Diicclcd  Versus  Physician-Directed  Weaning 

by  Thcnsii  Ryan  Scluill:.  Ricluiril .1  Lin.  H  Marc  Wtilziiian. 

Sii-tiniic  M  Diiriiiii);.  Roberta  Halex.  Amelia  Wotidson.  Barbara  Francis. 

U.sa  Tyler.  Linda  Napoli.  and  Rodolfo  I  Godinez — Philadelphia.  Pennsylvania 


A  Comparison  of  Two  Airway  Suctioning  Frequencies  in  Mechanically 
Ventilated.  Very-Low-Birthweighl  Infants 

by  Lcaiidrii  Curderii.  .Mercedes  Sttnanes.  and  Leona  W  Ayers — Coliimhiis.  Ohio 

An  Evaluation  of  Ventilator  Reliability:  A  Multivariate.  Failure  Time 
Analysis  of  5  Common  Ventilator  Brands 

by  Paul  H  lilanch—Gainesville.  Florida 


111 

783 
789 


SPECIAL  ARTICLES 


Global  Strategy  for  the  Diagnosis.  Management,  and  Prevention  of  Chronic 

Obstructive  Pulmonary  Disease:  National  Heart,  Lung,  and  Blood  Institute 

and  World  Health  Organization  Global  Initiative  for  Chronic  Obstructive 

Lung  Disease  (GOLD):  E.xeculivc  Summary 

by  Roinain  A  Patiwels— Ghent.  Belf-itim:  A  Sonia  Buisl— Portland.  Oregon; 

Peter  MA  Caherley — Liverpool.  United  Kingdom:  Christine  R  Jenkins — 5w/nf v. 

New  South  Wales.  Australia:  and  Suzanne  S  Hiird — Bethesda.  Maryland:  on  behalf 

of  the  GOLD  Scientific  Commiltee 


798 


LETTERS 


High-Frequency  Jet  Ventilation 

by  J  Bert  Biinnell—Salt  Uike  City.  Utah 
response  by  Dean  R  Hess — Boston.  Massachusetts 


BOOKS,  FILMS,  TAPES.  &  SOFTWARE 

Chronic  Lung  Disea.se  in  Early  Infancy  (Bland  RD.  Coalson  JJ,  editors) 

reviewed  by  Keith  .1  Barrington — Montreal.  Quebec.  Canada 

Voices  and  Choices:  Young  People  Who  Use  Assisted  Ventilation: 
Their  Health  and  Social  Care,  and  Education  (Noyes  J)  ami  Voices  and 
Choices:  Young  People  Who  L'se  Assisted  Ventilation:  Bibliography 
and  Analysis  of  the  Literature  (Sudbery  J  and  Noyes  J) 

reviewed  /n  Redenio  1)  Ferranti-  i\'ew  Haven.  Connecticut 
and  .loliii  .1  Vottd-  Formington.  Connecticut 

Cystic  Fibrosis:  Medical  Care  (Orenstein  DM,  Rosenstein  BJ,  & 
Stern  RC,  editors) 

reviewed  by  Demetiios  S  Theodoropoulos — Cleveland.  Ohio 


826 


829 


830 
832 


HbOULAlU' 


i'SBi^ 


Want  to  get  out  of  the  parts  business? 

Get  the  Grab  'n  Go  system,  Praxair's  all-in-one  portable  medical  oxygen  unit. 


Praxair's  Grab  )i  Go'"  portable  medical  oxygen  system  is  an 
oxygen  cylinder  with  a  regulator  and  a  contents  gauge  already 
attached.  lt"s  a  fast,  easy  and  safe  way  to  dispense 
portable  oxygen.  With  a  Grab  h  Go  oxygen  unit, 
you're  ready  to  go  at  a  moment's  notice. 

Because  the  Grab  h  Go  system  has  no  sepa- 
rate parts,  you  don't  waste  lime  searching  for  and 
keeping  track  of  equipment.  You  don't  waste 
money  maintaining  and  repairing  equipnieni. 
And  you  don't  hassle  with  wrenches  and  keys. 

With  Praxair's  Grab  'n  Go  system  you  have 
ever>'thing  \ou  need.  The  built-in  gauge  lets  you 
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Visit  AARC  Booths  428,430  in  San  Antonio 


verif\'  contents  at  a  gkmce.  .And  the  easy-to-use  regulator  lets 
you  adjust  oxygen  flow  with  the  turn  of  a  dial.  The  Grab  )i  Go 
system  also  has  a  handle  that  niiikes  it  a  cinch  to  carry. 
Save  time.  End  frustration.  .And  get  out  of  the 
parts  business. 

Want  10  try  Praxair's  Grab  'n  Go  oxygen  system 
for  free?  Get  up  to  20  Grab  'n  Go  units  to  use  in  \  our 
facilit\  for  up  to  "S  months.  To  find  out  more  about 
our  demo  program,  call  1-800-299-7977  ext.  6961. 
or  \isii  wvvw.praxair.com/healthcare.  And  while 
you're  at  it.  check  out  our  extensive  line  of  respira- 
tory gases,  equipment  and  sen  ices. 
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For  46  years  the  AARC's  International  Respiratory  Congress  has 
been  the  gold  standard  of  respiratory  care  education  and  trade. 
For  46  years  the  AARC's  International  Respiratory  Congress  has 
delivered  the  highest  quality  programs  with  information  that  really 
matters.  For  46  years  the  AARC  has  plowed  its  resources  back 
into  the  profession,  expanding  the  practice  and  influence  of 
respiratory  therapy  in  the  health  care  system.  Don't  miss  out  on 
the  largest  and  most  comprehensive  respiratory  care  meeting  in 
the  world,  coming  in  2001  to  one  of  the  most  exciting  cities  in  the 
US — San  Antonio.  For  additional  information,  please  call 
(972)  243-2272,  or  email  clay@aarc.org. 
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The  Gold  Standard. 

The  Monaghan  Medical  tradition  of  innovation 
continues  with  the  newly  designed  AeroChamber 
Plus™  Valved  Holding  Chamber  ("VHC").  Now,  "The 
Gold  Standard"  has  been  set  even  higher. 

Proven  Performance. 

The  AeroChamber  Plus™  VHC  consistently  delivers  a 
higher  fine  particle  dose  across  a  variety  of  metered 
dose  inhalers  ("MDIs").  For  example,  comparative  in 
vitro  testing  with  a  competitive  device  revealed  the 
AeroChamber  Plus™  VHC  with  Combivent  Inhala- 
tion Aerosol  delivers  up  to  37%  more  albuterol,  and  up 
to  34%  more  ipratropium  bromide  per  dose.' 

Cost  Effective. 

With  the  AeroChamber  Plus™  VHC  you  have  access 
to  a  higher  fine  particle  delivery  of  more  medicine  from 
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a  single  dose.  In  turn,  the  medicine  may  be  more 
effective  and  fewer  doses  may  be  needed  for  thera- 
peutic response.  And  with  fewer  doses  needed,  your 
patients  can  look  forward  to  substantial  savings. 

Monaghan  Medical's  newly  designed  AeroChamber 
Plus™  VHC  with  FLOWSIGnal®  Whistle  -  the  new 
Gold  Standard  -  is  a  proven  performer,  consistently 
delivering  more  medicine  from  a  single  dose. 


monaghan. 

Monaghan  Medical  Corporation 

PO  Box  2805  •  Plattsburgh.  NY  12901-0299 

Customer  Service  800-833-9653  •  www.monaghanmed.com 

'"  trademark  and  ^^  registered  trademarks 
®  Combivent  is  a  trademark  of 

Boehnnger  Ingelheim  Pharmaceuticals.  Inc. 
©  2000  Monaghan  Medical  Corporation, 
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Mean  change  from  base 


baseline 


Results  of  a  12-week,  multlcenter.  double-bltnd. 
placebo-controlled  trial  comparing  SEREVENT 
(MDI)  42  meg  BID  and  ipratropium  (MDl)  36  meg 
QID  in  411  patients  with  COPD,  All  patients  were 
given  albuterol  for  PRN  use.  Baseline  mean 
FEVi  values  were  significantly  different  in  the 
ipratropium  group  vs.  the  placebo  and 
SEREVENT  groups  (P<0.018). 

■  SEREVENT  (n=131)  Baseline=1.28  L 

■i  Ipratropium  (n=129)  Baseline=1.15  L 

Placebo  (n=136)  Baseline=1.30  L 


*ln  dinicaTtfTals'no  statistically  significant  difference  iTTpEVi  was  seen  between  "SEREVENT  and  ipratropium 

•  Daytime  use  of  rescue  albuterol  reduced  by  57%  versus  baseline  at  12  weeks 
(baseline  rescue  albuterol  4.6  puffs/day)^ 

•  Sustained  efficacy  over  a  12-week  period^ 

•  In  clinical  trials,  no  consistently  significant  differences  were  seen  among  the  treatment 
groups  in  the  following  parameters:  6-minute  walk,  quality-of-life  symptom  scores, 
dyspnea,  incidence  of  exacerbations 

When  beginning  treatment  with  SEREVENT  Inhalation  Aerosol,  patients  who  have  been  taking  inhaled,  short-acting 
betaj-agonists  on  a  regular  basis  (e.g.,  4  times  a  day)  should  be  instructed  to  discontinue  the  regular  use  of  these 
drugs  and  use  them  only  for  symptomatic  relief  of  acute  COPD  symptoms  (see  PRECAUTIONS;  Information  for 
Patients  in  complete  Prescribing  Information). 

SEREVENT  INHALATION  AEROSOL  SHOULD  NOT  BE  USED  TO  RELIEVE  ACUTE  COPD  SYMPTOMS.  It  is  crucial  to 
inform  patients  of  this  and  prescribe  an  inhaled,  short-acting,  betaj-agonist  (e.g.,  albuterol)  for  treatment  of  acute 
COPD  symptoms  that  occur  despite  regular  twice-daily  (morning  and  evening,  approximately  12  hours  apart)  use  of 
SEREVENT  Inhalation  Aerosol. 

Please  see  brief  summary  of  Prescribing  Information  and  reference  on  following  pages. 
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SEREVENT®  brief  summary 

(salmeterol  xinafoate)  Inhalation  Aerosol 

Bronchodilator  Aerosol 
For  Oral  Inhalation  Only 

T^e  tollowing  ts  a  brief  summarv  only,  see  full  prescribing  information  for  complete  product  information. 
CONTRAINDICATIONS:  SEREVENT  Inhalation  Aerosol  is  contraindicated  in  patients  with  a  history  of  hypersen- 
sitivity to  salmeterol  or  any  o(  its  components, 

WARNINGS: 

IMPORTANT  INFORMATION:  SEREVENT  INHALATION  AEROSOL  SHOULD  NOT  BE  INITIATED  IN  PATIENTS 
WITH  SIGNIFICANTLY  WORSENING  OR  ACUTELY  DETERIORATING  ASTHMA.  WHICH  MAY  BE  A  LIFE- 
THREATENING  CONDITION.  Serious  acute  respiratory  events,  Including  fatalities,  have  been  reported, 
botti  in  the  United  States  and  worldwide,  when  SEREVENT  Inhalation  Aerosol  has  been  initiated  in  this 
situation. 

Although  it  is  not  possible  from  these  reports  to  determine  whether  SEREVENT  Inhalation  Aerosol  con- 
tributed to  these  adverse  events  or  simply  failed  to  relieve  the  detenorating  asthma,  ttie  use  of 
SEREVENT  Inhalation  Aerosol  in  this  setting  is  inappropriate, 

SEREVENT  INHALATION  AEROSOL  SHOULD  NOT  BE  USED  TO  TREAT  ACUTE  SYMPTOMS.  It  is  crucial  to 
inform  patients  of  this  and  prescribe  an  inhaled,  short-actmg  beta^-agonist  for  this  purpose  as  well  as 
warn  them  that  increasing  inhaled  beta. -agonist  use  is  a  signal  of  deteriorating  asthma. 

SEREVENT  INHALATION  AEROSOL  IS  NOT  A  SUBSTITUTE  FOR  INHALED  OR  ORAL  CORTICOSTEROIDS. 
Corticosteroids  should  not  be  stopped  or  reduced  when  SEREVENT  Inhalation  Aerosol  is  initiated. 

(See  PRECAUTIONS:  Information  for  Patients  and  the  accompanying  PATIENT'S  INSTRUCTIONS  FOR 
USE.) 

1  Do  Not  Introduce  SEREVENT  Inhalation  Aerosol  as  a  Treatment  for  Acutely  Detenorating  Asthma.  SEREVENT 
Inhalation  Aerosol  is  intended  for  the  maintenance  treatment  of  asthma  (see  INDICATIONS  AND  USAGE  section  of 
full  prescnbing  information)  and  should  not  be  introduced  in  acutely  detenorating  asthma,  which  is  a  potential- 
ly life-threatening  condihon  There  are  no  data  demonstrating  that  SEREVENT  Inhalation  Aerosol  provides  greater 
efficacy  than  or  additional  efficacy  to  inhaled,  short-acting  beta. -agonists  In  patients  with  worsening  asthma. 
Senous  acute  respiratory  events,  including  fatalities,  have  tjeen  reported,  both  in  the  United  States  and  world- 
wide, in  patients  receiving  SEREVENT  Inhalation  Aerosol.  In  most  cases,  these  have  occun^ed  in  patients  with 
severe  asthma  (e.g.,  patients  with  a  history  of  corticosteroid  dependence,  low  pulmonary  function,  intubation, 
mechanical  ventilation,  frequent  hospitalizations,  or  previous  life-threatening  acute  asthma  exacerbations) 
and/or  In  some  patients  in  whom  asthma  has  been  acutely  detenorating  (e.g.,  unresponsive  to  usual  medica- 
tions; increasing  need  for  Inhaled,  short-achng  beta^ -agonists;  increasing  need  for  systemic 
corticosteroids:  significant  increase  in  symptoms,  recent  emergency  room  visits;  sud- 
den or  pnDgressive  detenoration  in  pulmonary  function).  However,  they  have 
occurred  in  a  few  patients  with  less  severe  asthma  as  well.  It  was  not  pos- 
sible from  these  reports  to  determine  whether  SEREVENT  Inhalation 
Aerosol  contnbuted  to  these  events  or  simply  failed  to  relieve  the  dete- 
norating asthma 

2.  Do  Not  Use  SEREVENT  Inhalation  Aerosol  to  Treat  Acute  Symptoms: 
An  inhaled,  short-acting  beta^-agonist.  not  SEREVENT  Inhalation  Aerosol, 
should  be  used  to  relieve  acute  asthma  or  CORD  symptoms  When  pre- 
scnbing SEREVENT  Inhalation  Aerosol,  the  physician  must  also  provide  the 
patient  with  an  Inhaled,  short-acting  beta;-agonist  (eg,  albuterol)  for  treatment  of 
symptoms  that  occur  acutely,  despite  regular  twice-daily  (morning  and  evening)  use  of 
SEREVENT  Inhalabon  Aerosol 

When  beginning  treatment  with  SEREVENT  Inhalation  Aerosol,  patients  who  have  been  taking  inhaled,  short- 
acting  beta. -agonists  on  a  regular  basis  (e.g..  4  ttmes  a  day)  should  be  instnjcted  to  discontinue  the  regular  use 
of  these  drugs  and  use  them  only  for  symptomatic  relief  of  acute  asthma  or  CORD  symptoms  (see  PRECAU- 
TIONS: Information  for  Patients). 

3.  Watch  for  Increasing  Use  of  Inhaled.  Short-Acting  Betan-Aoonists,  Which  Is  a  Marker  of  Deteriorating  Asthma: 
Asthma  may  detenorate  acutely  over  a  penod  of  hours  or  chronically  over  several  days  or  longer  If  the  patient's 
inhaled,  short-acting  betaj-agonist  becomes  less  effective  or  the  patient  needs  more  mhalahons  than  usual,  this 
may  be  a  marker  of  destabillzation  of  asthma.  In  this  setting,  the  patient  requires  immediate  reevaluation  with 
reassessment  of  the  treatment  regimen,  giving  special  considerahon  to  the  possible  need  for  corticosteroids  If 
the  pahent  uses  4  or  more  mhalahons  per  day  of  an  inhaled,  short-acting  beta.-agonist  for  2  or  more  consecu- 
tive days,  or  if  more  than  1  canister  (200  inhalations  per  canister)  of  inhaled,  short-acting  tieta;- agonist  is  used 
In  an  8-week  period  in  conjunchon  with  SEREVENT  Inhalation  Aerosol,  then  the  patient  should  consult  the  physi- 
cian tor  reevaluation  Increasing  the  daily  dosage  of  SEREVENT  Inhalation  Aerosol  in  this  situation  is  not 
appropriate.  SEREVENT  Inhalation  Aerosol  should  not  be  used  more  frequently  than  twice  daily  (morn- 
ing and  evening)  at  the  recommended  dose  of  2  inhalations. 

4.  Do  Not  Use  SEREVENT  Inhalabon  Aerosol  as  a  Substitute  for  Oral  or  Inhaled  Corticosteroids:  The  use  of  beta- 
adrenergic  agonist  bronchodllators  alone  may  not  be  adequate  to  control  asthma  in  many  patients  Early  con- 
sideration should  be  given  to  adding  anb- inflammatory  agents,  e.g  ,  corticosteroids.  Ttiere  are  no  data  demon- 
strating that  SEREVENT  inhalation  Aerosol  has  a  clinical  anh-inflammatory  effect  and  could  be  expected  to  take 
the  place  of  corticosteroids  Patients  who  already  require  oral  or  inhaled  corticosteroids  for  treatment  of  asthma 
should  be  continued  on  this  type  of  Ueatment  even  if  ttiey  feel  better  as  a  result  of  initiating  SEREVENT  Inhalation 
Aerosol.  Any  change  in  corticosteroid  dosage  should  be  made  ONLY  after  clinical  evaluation  (see  PRECAUTIONS: 
Information  for  Patients). 

5  Do  Not  Exceed  Recommended  Dosaoe:  As  witti  other  Inhaled  beta,-adrenergic  drugs.  SEREVENT  Inhalation 
Aerosol  should  not  be  used  more  often  or  at  higher  doses  than  recommended  Fatalities  have  been  reported  in 
association  with  excessive  use  of  Inhaled  sympathomimetic  drugs  Large  doses  of  Inhaled  or  oral  salmeterol  (1 2 
to  20  times  the  recommended  dose)  have  been  associated  with  clinically  significant  prolongation  of  the  OTc 
interval,  which  has  the  potential  for  producing  ventncular  armythmias 

6.  Pgra^lpxtpal  Bronchospasm  SEREVENT  Inhalabon  Aerosol  can  produce  paradoxical  bronchospasm,  which 
may  be  life  threatening.  If  paradoxical  bronchospasm  occurs,  SEREVENT  Inhalabon  Aerosol  should  be  discontin- 
ued Immediately  and  altemative  therapy  mstitiited  II  should  be  recognized  that  paradoxical  bronchospasm. 
when  associated  with  inhaled  formulations,  frequentiy  occurs  with  ttie  first  use  of  a  new  canister  or  vial. 

7.  Immediate  Hypersensitivity  Reactions  Immediate  hypersensitivity  reactions  may  occur  after  administration  of 
SEREVEWT  Inhalation  Aerosol,  as  demonsb^ted  by  rare  cases  of  urticaria,  angioedema,  rash,  and  bronchospasm 

8.  Upper  Ainway  gymptoms;  Symptoms  of  laryngeal  spasm,  initation,  or  swelling,  such  as  stridor  and  choking, 
have  been  reported  rarely  In  patients  receiving  SEREVENT  Inhalation  Aerosol 

SEREVENT  Inhalation  Aerosol,  like  all  other  beta-adrenergic  agonists,  can  produce  a  clinically  significant  car- 
diovascular effect  in  some  patients  as  measured  by  pulse  rate,  blood  pressure,  and/or  symptoms.  Although  such 
effects  are  uncommon  after  admimsti^tion  of  SEREVENT  Inhalation  Aerosol  at  recommended  doses,  if  they 
occur  the  dnjg  may  need  to  be  discontinued  In  addition,  beta-agonists  have  been  reported  to  produce  electro- 
canjiogram  (ECG)  changes,  such  as  flattening  of  the  T  wave,  prolongation  of  the  QT^  interval,  and  ST  segment 
depression  The  clinical  significance  of  tiiese  findings  is  unknown  Therefore,  SEREVEf^  Inhalation  Aerosol,  like 
all  sympathomimetic  amines,  should  be  used  with  caution  in  patients  with  cardiovascular  disorders,  especially 
coronary  insufficiency,  cardiac  arrhythmias,  and  hypertension. 
PRECAUTIONS: 

General:  1  Use  with  Spacer  or  Other  Devices  The  safety  and  effectiveness  of  SEREVENT  Inhalation  Aerosol 
when  used  with  a  spacer  or  other  devices  have  not  been  adequately  studied 

2.  Cardiovascular  and  Other  Effects:  No  effect  on  the  cardiovascular  system  is  usually  seen  after  the  admin- 
istiahon  of  inhaled  salmeterol  in  recommended  doses,  but  the  cardiovascular  and  central  nervous  system 
effects  seen  with  all  sympathomimetic  drugs  (eg,  increased  blood  pressure,  heart  rate,  excitement)  can  occur 
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after  use  of  salmeterol  and  may  require  discontinuation  of  the  drug  Salmeterol,  like  all  sympathomimetic 
amines,  should  be  used  with  caution  in  patients  with  cardiovascular  disorders,  especially  coronary  insufficien- 
cy, cardiac  anrhythmias.  and  hypertension,  in  patients  with  convulsive  disorders  or  thyrotoxicosis,  and  in  patients 
who  are  unusually  responsive  to  sympathomimetic  amines. 

As  has  been  descnbed  with  other  beta-adrenergic  agonist  bronchodllators.  clinically  significant  changes  in 
systolic  and/or  diastolic  blood  pressure,  pulse  rate,  and  electrocardiograms  have  been  seen  infrequently  in  indi- 
vidual patients  In  controlled  clinical  stijdies  with  salmeterol 

3  Metabolic  Effects:  Doses  of  the  related  betaj-adrenoceptor  agonist  albuterol,  when  administered 
intravenously,  have  been  reported  to  aggravate  preexisting  diabetes  mellltus  and  ketoacidosis  No  effects  on 
glucose  have  been  seen  with  SEREVENT  Inhalation  Aerosol  at  recommended  doses  Beta-adrenergic  agonist 
medications  may  pnxluce  significant  hypokalemia  in  some  patients,  possibly  through  intracellular  shunting, 
which  has  the  potential  to  produce  adverse  cardiovascular  effects  The  decrease  is  usually  tiansient.  not  requir- 
ing supplementation 

Clinically  significant  changes  in  blood  glucose  and/or  serum  potassium  were  seen  rarely  dunng  clinical  stud- 
ies with  long-term  administration  of  SEREVENT  Inhalation  Aerosol  at  recommended  doses 
Inlormation  for  Patients:  See  illustiated  PATIENT'S  INSTRUCTIONS  FOR  USE  SHAKE  WELL  BEFORE  USING. 

It  IS  tmportant  that  patients  understand  how  to  use  SEREVENT  Inhalation  Aerosol  appropriately  and  how  it 
should  be  used  in  relation  to  other  asthma  or  COPD  medications  tiiey  are  taking,  Patients  should  be  given  the 
following  information: 

1  Shake  well  before  using. 

2  The  action  of  SEREVENT  Inhalation  Aerosol  may  last  up  to  12  hours  or  longer  The  recommended  dosage  (2 
inhalations  twice  daily,  morning  and  evening)  should  not  be  exceeded, 

3  SEREVENT  Inhalation  Aerosol  is  not  meant  to  relieve  acute  asthma  or  COPD  symptoms  and  exti^  doses  should 
not  be  used  for  that  purpose.  Acute  symptoms  should  be  tieated  witii  an  inhaled,  short-acting  betaj-agomst 
such  as  albuterol  (the  physician  should  provide  the  patient  with  such  medication  and  instruct  the  patient  in  how 
It  should  be  used) 

4  Patients  should  not  stop  SEREVENT  therapy  for  COPD  without  physician/provider  guidance  since  symptoms 
may  recur  after  discontinuation. 

5.  The  physician  should  be  notified  immediately  if  any  of  the  following  situations  occur,  which  may  be  a  sign  of 
senously  worsening  asthma. 

•  Decreasing  effectiveness  of  inhaled,  short-acting  betaj-agonists 

•  Need  for  more  inhalations  than  usual  of  inhaled,  short-acting  beta^ -agonists 

•  Use  of  4  or  more  inhalations  per  day  of  a  short-acting  betaj-agonist  for  2  or  more  days  consecutfvely 

•  Use  of  more  than  one  200-inhalation  canister  of  an  inhaled,  short-acting  beta,-agonist  (e.g  ,  albuterol)  in  an 
8-week  penod 

6.  SEREVENT  Inhalation  Aerosol  should  not  be  used  as  a  substitute  for  oral  or  Inhaled  corticosteroids.  Ttie 
dosage  of  these  medications  should  not  be  changed  and  they  should  not  be  stopped  with- 
out consulting  tiie  physician,  even  if  the  patient  feels  better  after  initiating  ti-eatinent 
with  SEREVENT  Inhalation  Aerosol 

7  Patients  should  be  cautioned  regarding  common  adverse  cardiovascu- 
lar effects,  such  as  palpitations,  chest  pain,  rapid  heart  rale,  ti^emor  or 
nervousness- 

8,  In  patients  receiving  SEREVENT  Inhalation  Aerosol,  other  inhaled  med- 
ications should  be  used  only  as  directed  by  the  physician. 
9   When  using  SEREVENT  Inhalation  Aerosol  to  prevent  exercise- 
Induced  bronchospasm,  patients  should  take  the  dose  at  least  30  to  60 
minutes  before  exercise 
10.  If  you  are  pregnant  or  nursing,  contact  your  physician  about  use  of  SEREVENT 
Inhalation  Aerosol. 
1 1  Effective  and  safe  use  of  SEREVEf^  Inhalation  Aerosol  includes  an  understanding  of  the  way  that  it  should 
be  administered. 

Drug  Interactions:  Short-Acting  Beta-Agonists:  In  tiie  two  3-montii,  repetitive-dose  dinical  astiima  tiials 
(0=184),  the  mean  daily  need  for  additional  beta.-agonisl  use  was  1  to  1  A  inhalations  per  day,  but  some  patients 
used  more  Eight  percent  of  patients  used  at  least  8  inhalations  per  day  at  least  on  1  occasion.  Six  percent  used 
9  to  12  inhalations  at  least  once  There  were  15  patients  (8%)  who  averaged  over  4  inhalations  per  day.  Four  of 
tiiese  used  an  average  of  8  to  11  inhalations  per  day.  In  these  1 5  patients  tiiere  was  no  observed  increase  in  fi^- 
Quency  of  cardiovascular  adverse  events.  The  safety  of  concomitant  use  of  more  than  8  inhalations  per  day  of 
short-acting  beta^  -agonists  with  SEREVENT  Inhalation  Aerosol  has  not  been  established  In  1 5  patients  who  ejqje- 
nenced  worsening  of  asthma  while  receiving  SEREVENT  Inhalation  Aerosol,  nebulized  albulenal  il  dose  in  mosO 
led  to  Improvement  tn  FEV,  and  no  increase  m  occurrence  of  cardiovascular  adverse  events. 

Monoamine  Oxidase  Inhibitors  and  Tricyclic  Antidepressants:  Salmeterol  should  be  administered  vinth 
extreme  caution  to  patients  being  treated  with  monoamine  oxidase  inhibitors  or  tiicyclic  antidepressants,  or 
within  2  weeks  of  discontinuation  of  such  agents,  because  the  action  of  salmeterol  on  the  vascular  system  may 
be  potentiated  by  tiiese  agents. 

Corticosteroids  and  Cromoglycate:  In  clinical  tiials,  inhaled  corticosteroids  and/or  inhaled  cromolyn  sodium 
did  not  alter  the  safety  profile  of  SEREVENT  Inhalation  Aerosol  when  administered  concurrentiy 

Mettiylxanttiines:  The  concurrent  use  of  intravenously  or  orally  administered  methylxanthmes  (e  g  ,  amino- 
phylline,  tiieophylline)  by  patients  receiving  SEREVENT  Inhalabon  Aerosol  has  not  been  completely  evaluated  In 
1  clinical  astiima  tiial,  87  patients  receiving  SEREVEfJT  Inhalabon  Aerosol  42  meg  twice  daily  concurrently  vintii 
a  theophylline  product  had  adverse  event  rates  similar  to  those  in  71  patients  receiving  SEREVENT  Inhalation 
Aerosol  without  tiieophylline  Resting  heart  rates  were  slightly  higher  in  the  patients  on  theophylline  but  were 
litUe  affected  by  SEREVENT  Inhalation  Aerosol  ttierapy 

Beta-adrenergic  receptor  blocking  agents  not  only  block  the  pulmonary  effect  of  beta -agonists,  such  as 
SEREVENT  Inhalation  Aerosol,  but  may  also  produce  severe  bronchospasm  in  asthmatic  patients.  Ttierefore. 
patients  with  asthma  should  not  normally  be  tieated  wrth  beta-blockers  However,  under  certain  circumstances, 
eg,,  as  prophylaxis  after  myocardial  infarction,  there  may  be  no  acceptable  altematives  to  ttie  use  of  beta- 
adrenergic  blocking  agents  in  patients  with  asthma.  In  tiiis  setting,  cardioselective  beta-blockers  could  be  con- 
sidered, although  they  should  be  administered  witti  caution 

The  ECG  changes  and/or  hypokalemia  that  may  result  from  the  administiabon  of  nonpotassium-spanng 
diuretics  isuch  as  loop  or  ttiiazide  diuretics)  can  be  acutely  worsened  by  beta -agonists,  especially  when  the  rec- 
ommended dose  of  ttie  beta-agonist  is  exceeded  Alttiough  tiie  clinical  significance  of  these  effects  is  not  known, 
caution  is  advised  in  tiie  coadmimsti^tion  of  beta-agonists  wiOi  nonpotassium-spanng  diuretics. 
Carcinogenesis,  Mutagenesis,  Impairment  of  Fertility:  In  an  1 8-month  oral  carcinogenicity  study  in  CD-mice, 
salmeterol  xinafoate  at  oral  doses  of  1  4  mg/kg  and  above  (approximately  9  times  the  maximum  recommend- 
ed daily  inhalation  dose  In  adults  based  on  companson  of  Oie  areas  under  ttie  plasma  concentration  versus  time 
curves  [AUCs])  caused  dose-related  increases  in  ttie  incidence  of  smooth  muscle  hyperplasia,  cystic  glandular 
hyperplasia,  leiomyomas  of  ttie  uterus,  and  cysts  in  tiie  ovaries.  The  incidence  of  leiomyosarcomas  was  not  sta- 
tistically significant  No  tumors  were  seen  at  0  2  mg/kg  (comparable  hi  tiie  maximum  recommended  human 
daily  inhalation  dose  in  adults  based  on  companson  of  ttie  AUCs), 

In  a  24-month  inhalation  and  oral  carcinogenicity  stijdy  m  Sprague  Dawley  rats,  salmeterol  caused  dose-relat- 
ed Increases  in  the  incidence  of  mesovahan  leiomyomas  and  ovanan  cysfcs  at  Inhalation  and  oral  doses  of 
0,68  mg/kg  per  day  and  above  (approximately  55  times  the  maximum  recommended  human  daily  inhalation 
dose  in  adults  on  a  mg'm-  base)  No  tumors  were  seen  at  0,21  mgltg  per  day  (approximatety  1 5  times  ttie  maximum 
recommended  human  daily  inhalabon  dose  in  adults  on  a  mg/m^  basis).  Ttiese  findings  in  rodents  are  similar  to 
ttiose  reported  previously  for  ottier  beta-adrenergic  agonist  drugs  Ttie  relevance  of  ttiese  findings  to  human  use 
is  unknown 

Salmeterol  xinafoate  produced  no  detectable  or  reproducible  increases  in  microbial  and  mammalian  gene  mutation 
in  vrtro  No  dasti)genic  activity  occurred  in  vitro  in  human  lymphocytes  orin  vivo  in  a  rat  micronudeus  test  No  effects 
on  fertility  were  identified  in  male  and  female  rats  tieated  orally  witti  saimeterol  xinafoate  at  doses  up  ti)  2  mgltg 
(approximatety  160  times  ttie  maximum  recommended  human  daily  inhalatxxi  dose  in  adults  on  a  mg'm-  base) 


c  ilhClK  Pregnancv  i^ite^orv  l  Ho  tnulogefiic  eriectb  otcuf  nil  m  Uw  rat  at  oral  doses 
up  to  2  mg^  (approumalely  160  bmes  Ihe  maximum  recommended  human  daity  inhatabon  dose  m  adults  on  a 
m^  t)^c)  in  pregnani  Dutcfi  rabbrts  admmislered  oral  doses  ol  1  m^  and  above  (approximalefy  20  bmes 
the  maximum  recommended  human  daily  uihalation  dose  m  adults  based  on  the  compahson  ot  the  AUC&).  salmo- 
terol  unatoate  exhibited  letal  loxic  ettects  charactensbcally  rBsuRmg  Irom  beta-adrenoceptor  stimulation.  Ihose 
fiduded  precocious  eyelid  openings  deft  polale  stemebraf  fusion  limb  arxl  paw  flexiffes,  and  delayed  ossifica- 
tion of  the  frontal  cranial  bones  No  signrficant  effects  occurred  at  on  oral  dose  of  0  6  m^/Vg  tapprounate^  10 
times  the  maximum  recommended  human  daily  mhalabon  dose  vi  adults  based  on  comparison  of  the  AUCs) 

New  Zealand  White  rabbits  were  less  sertsitrve  sirtce  only  derived  ossiticalion  of  the  frontal  cranial  bones  was 
seen  at  oral  doses  of  10  mg/Vg  (approximalely  1600  times  the  maximum  recommended  human  daily  inhalatnn 
dose  on  a  mg/m-^  baas)  Extensive  use  of  other  beta-agonists  has  provided  no  evidence  that  these  dass  etfects 
m  animals  are  relevant  to  use  m  humans  There  are  no  adequate  and  well -controlled  studies  with  SEREVENT 
Inhalation  Aerosol  in  pregnant  women  SEREVENT  Inhalation  Aerosol  should  be  used  during  pregnancy  only  if  the 
potential  benefit  lustiltes  the  potential  nsK  to  the  tetus 

Use  In  Labor  and  Delivery:  There  are  no  well -conti oiled  human  studies  thai  have  investigated  effects  of  sal- 
melerol  on  preterm  labor  or  labor  at  term  Because  of  the  potential  lor  beta-agonist  interference  with  ulerme 
contracWity,  use  o(  SEREVENT  Inhalalion  Aerosol  tor  prevention  of  bronchospasm  during  labor  should  be  restrict- 
ed to  those  patients  m  whom  the  benefits  dearty  outweigh  the  risks 

Nursing  Mothers:  Plasma  levels  ol  salmelerol  after  inhaled  therapeutic  doses  are  very  low  tn  rats.  saJmeterot 
Kinaloate  is  excreted  in  milk  However,  since  there  is  no  enpenence  with  use  of  SEREVENT  Inhalation  Aerosol  by 
nursing  nrothers.  a  decision  shooW  be  made  wtiether  to  discontinue  nursing  or  to  discontinue  Ihe  drug,  taking 
into  account  the  importance  of  the  dnig  to  the  mother  Caution  should  be  exercised  when  salmeterol  xinaloale 
B  administered  to  a  nursing  woman 

Pediatric  Use:  The  safe^  and  effectiveness  ot  SEREVENT  Inhalation  Aerosol  m  children  younger  than  1 2  years 
of  age  have  not  been  established 

Geriatric  Use:  Of  the  total  number  ol  pabents  who  received  SEREVEMT  Inhalation  Aerosol  in  all  asthma  dinical 
studies.  241  were  65  years  of  age  and  older  Genatnc  patients  (65  years  and  older)  with  reversible  obstructive 
airway  disease  were  evaluated  m  4  well -controlled  studies  o(  3  weeks'  to  3  months'  duration  Two  placebo-con- 
trolled, crossover  studies  evaluated  twice-daily  dosing  with  salmetensi  for  21  to  28  days  in  45  patients  An  addi- 
bonal  75  genatnc  patients  were  treated  with  salmeterol  for  3  months  in  2  large  parallel-group,  multicenter  stud- 
ies These  120  patients  expenenced  increases  in  AM  and  PM  peak  expiratory  flow  rate  and  decreases  in  diur- 
nal vanabon  in  peak  expiratory  flow  rate  similar  to  responses  seen  in  the  total  populations  of  the  2  latter  stud- 
ies The  adverse  event  type  and  frequency  in  genatnc  patients  were  not  different  from  those  of  the  total  popu- 
lations studied 

In  2  large,  randomized,  double-blind,  placebo- controlled  3-month  studies  involving  patients  with  COPD.  133 
pabents  using  SEREVENT  Inhalation  Aerosol  were  65  years  and  older  These  patents  expenenced  similar 
improvements  in  FEV,  as  observed  lor  patients  younger  than  65 

No  apparent  differences  in  the  efficacy  and  safety  of  SEREVENT  Inhalation  Aerosol  were  observed  when  gen- 
atnc patients  were  compared  with  younger  patients  in  asthma  and  COPO  dinical  finals  As  with  other  beta;.-ago- 
nists,  however,  special  caution  should  be  observed  when  using  SEREVENT  Inhalation  Aerosol  in  genatnc  patients 
who  have  concomitant  cardiovascular  disease  that  could  be  adversely  affected  by  this  class  of  drug  Based  on 
available  data,  no  ad)uslment  of  salmeterol  dosage  in  genatnc  patients  is  warranted 
ADVERSE  REACTIONS:  Adverse  reactions  to  salmetensi  are  similar  in  nature  to  reactions  to  other  selective 
beta. -adrenoceptor  agonists,  le,  tachycardia;  palpitations;  immediate  hypersensitivity  reactions,  mduding 
urticana.  angioedema,  rash,  bronchospasm  (see  WARNINGS);  headache;  b'emor;  nervousness,  and  paradoxical 
bronchospasm  (see  WARNINGS! 

Asthma:  Two  mutticenter,  12-week,  controlled  studies  have  evaluated  twice-daity  doses  of  SEREVENT  Inhalation 
Aerosol  in  patients  12  years  of  age  and  older  with  asthma  Table  1  reports  the  incidence  of  adverse  events  in 
these  2  studies 

Table  1:  Adverse  Experience  Incidence  in  2  Large  12-Week  Asthma  Clinical  Trials* 


Table  2:  Adverw  aparience  Inctdonce  in  2  Ljrge  12-I«mIi  COPD  CIMcal  Trials 


Percent  of  f^ahents                                   | 

SEREVE^f^ 

Altiulerol 

Inhalahon  Aerosol 

Inhalaton  Aerosol 

42  meg 

180  meg 

Placebo 

twice  daily 

4  times  daily 

Adverse  Evert  Type 

n=187 

0:^184 

n=185 

Ear,  nose,  and  tliraat 

Upper  respifatorv  trad  infection 

13 

14 

16- 

Nasopharyngitis 

12 

14 

11 

Disease  of  nasal  cavity/sinus 

4 

6 

1 

Sinus  fieadactie 

2 

4 

<1 

Gastrointestinal 

Slomactiaclie 

0 

4 

0 

Neurologol 

Headactie 

23 

28 

27 

Tremor 

2 

4 

3 

Respiratory 

Cough 

6 

7 

3 

Lower  respiratory  infecton 

2 

4 

2 

The  only  adverse  expenence  classified  as  serious  was  l  case  of  upper  respiratory  tract  infection  in  a  patient 
treated  with  albuterol 

TaWe  1  indudes  all  events  (whether  considered  drug-related  or  nondrug- related  by  the  tnvesligatort  that 
occunwJ  at  a  rate  of  over  3%  in  the  SEREVENT  Inhalation  Aerosol  treatment  group  and  were  more  common  in 
the  SEREVENT  Inhalation  Aerosol  group  than  in  the  placebo  group 

Pftaryngrtis.  allergic  rhimtis,  diz^ines&'giddmess.  and  influenza  occurred  at  3%  or  more  but  were  equally 
common  on  placebo  Other  events  occurring  in  the  SEREVENT  Inhalation  Aerosol  treatment  group  at  a  frequen- 
cy of  1  %  to  3%  were  as  follows: 

CartfiovsscuJIar  Tachycardia,  palpitabons. 

E3r,  Nose,  and  Throat  flhinitis.  laryngitis 

Gastrointestinal:  Nausea,  viral  gastroenteritis,  nausea  and  vomiting,  diarrhea,  abdominal  pam 

Hypersensitivity:  Urticana 

Mouth  and  Teeth:  Dental  pain 

Musculoskeletal:  Pain  in  )Oint.  back  pain,  musde  cramp/contraction,  myalgia/myositis,  muscular  soreness. 

Neurological:  Nervousness,  malaise/latigue 

Respiratory:  Tracheitis/bronchrtis 

Skin:  H.i:i,h,  skin  eruption 

Urogenital:  Dysmenorrhea 

Data  from  small  dose-response  studies  show  an  apparent  dose  relationship  for  tremor,  nervousness,  and  palpitations 

In  dinical  trials  evaluating  concun^ent  therapy  ot  salmeterol  with  inhaled  corticosteroids,  adverse  events  were 
consistent  with  those  previously  reported  for  salmeterol,  or  might  otherwise  be  expected  with  the  use  of  inhaled 
corbcosteroids 

COPD:  Two  multicenter,  1 2-week,  controlled  studies  have  evaluated  twice-daily  doses  ol  SEREVENT  Inhalabon 
Aerosol  m  patients  with  COPD  Table  2  reports  the  incidence  of  adverse  events  m  these  2  studies 


AdvwM  Event  Type 

P«reento<PatienB                               j 

Placebo 
0=278 

SHWEHT 

■rtOtationAeniaol 

42  meg 

twceMty 

n=267 

36  meg 

4li(ne>di«y 
n=271 

Ear.  nose,  and  Bwoat 

UppH  respifBtory  tract  inlection 

Sore  throat 

Nasal  sinus  infection 
Gastrointestln.il 

Diarrtiea 
Musculoskeletal 

Back  pain 
Neurological 

Headache 
Respiratory 

Chest  congestjon 

7 
3 

1 

3 
3 

to 

3 

9 
S 
4 

5 

4 

12 

4 

9 
6 
2 

4 

3 

8 

3 

Table  2  indudes  all  events  (whether  considered  drug-related  or  nondrug-rebted  tr/  the  NTvesboalon  that 
occun^ed  at  a  rate  of  over  3%  in  the  SEREVENT  Inhalabon  Aerosol  treatment  group  and  were  more  common  m 
the  SEREVENT  Inhalabon  Aerosol  group  than  m  the  placebo  group 

Common  cold,  rhinorrhea,  bronchitis,  cough,  exacerbation  of  chest  congesbon,  chest  pam.  and  duzness 

occurred  at  3%  or  more  but  were  equally  common  on  placebo  Other  events  occumng  in  the  SEREVENT 
Inhalation  Aerosol  treatment  group  at  a  frequency  of  1%  to  3%  were  as  folkiws 

Ear.  Nose,  and  Throat  Cold  symptoms,  earache,  epistaxis.  nasal  congesbon.  nasal  snus  congesbon.  sneeang. 

Gastrointestinal:  Nausea,  dyspepsia,  gastnc  pain,  gastnc  upset,  abdominal  pain,  consbpabon,  heartburn,  oral 
candidiasis  xerostomia,  vomiting,  surgical  removal  of  tooth 

Musculoskeletal:  Leg  cramps,  myalgia,  neck  pain,  pain  in  arm.  shouWer  pain,  musde  injury  of  neck. 

Neurological:  insomnia,  sinus  headache 

Non-Site  Specific:  Fatigue  fever  pain  in  body,  discomfort  in  chest 

Respiratory:  Acute  bronchitis,  dyspnea,  influenza,  kiwer  respiratory  tract  infecbon,  pr»eumonia.  respiratory 
tract  infection  shortness  of  breath,  wheezing 

Urogenital:  Unnary  tract  infection 

Electrocardiographic  Morritoring  in  Patients  With  COPD:  Continuous  electrocardiographic  iHofter)  nxini- 
tonng  was  performed  on  284  patients  m  2  large  COPD  dimcal  tnals  dunng  five  24-hour  penods  No  cases  of 
sustained  ventricular  tachycardia  were  observed  At  baseline,  non -sustained,  asymptomabc  ventricular  tachy- 
cardia was  recorded  lor  7  (7  1%}  8 19  4%),  and  3  (3  0%)  patients  in  the  placebo,  SEREVENT.  and  ipratropium 
groups,  respectively  Dunng  treatment,  nonsustained,  asymptomatic  ventricular  tachycardia  ttiat  represented  a 
dinically  significant  change  from  baseline  was  reported  for  11  (11,6%),  15  (18.3%),  and  20  (20.8%)  pabents 
receiving  placebo,  SEREVENT,  and  ipratropium,  respectively  Four  of  these  cases  of  ventricular  tachycardia  were 
reported  as  adverse  events  (i  placebo.  3  SEREVENT)  by  1  investigator  based  upon  review  of  Hotter  data.  One 
case  of  ventncular  tachycardia  was  observed  dunng  ECG  evaluation  of  chest  pain  (iprabopium)  and  reported  as 
an  adverse  event 

Observed  During  Clinical  Practice:  In  extensive  US  and  worldwide  postmarVeting  experience,  senous  exacer- 
bations of  asthma,  mduding  some  that  have  been  fatal,  have  been  reported.  In  most  cases,  these  have  occuoed 
in  patients  with  severe  asthma  and/or  in  some  patients  in  whom  asthma  has  been  acutely  detenorating  (see 
WARNINGS  no  1).  but  they  have  occun-ed  in  a  few  patients  with  less  severe  asthma  as  well  It  was  not  possi- 
ble from  these  reports  to  determine  whether  SEREVENT  Inhalation  Aerosol  contributed  to  these  events  or  sim- 
ply failed  to  relieve  the  detenorating  asthma 

The  following  events  have  also  been  identified  dunng  postapproval  use  of  SEREVENT  m  dinical  pracbce 
Because  they  are  reported  voluntarly  ft-om  a  population  of  unknowm  size,  esbmates  of  frequency  cannot  be 
made  These  events  have  been  chosen  for  indusion  due  to  a  combination  of  Vkb  seriousness,  frequency  of 
reporting,  or  potential  causal  connection  to  SEREVEfJT 

Respiratory:  Rare  reports  of  upper  airway  symptoms  of  laryngeal  spasm,  irritation,  or  swelling  such  as  stn- 
dor  or  choking 

Cardiovascular  H^erlension,  arrhythmias  (mduding  aUial  fibnilation,  supraventncular  tachycardia, 
extrasystoles). 

OVERDOSAGE:  The  expected  signs  and  symptoms  with  overdosage  are  those  of  excessive  beta-adrenergic 
stimulation  and/or  occurrence  or  exaggeration  of  any  of  the  symptoms  listed  under  ADVERSE  REACTIONS,  eg  , 
seizures,  angina,  hypertension  or  hypotension,  tachycardia  with  rates  up  to  200  beats/mm,  arrhythmias,  nerv- 
ousness, headache,  ti^emor,  muscle  cramps,  dry  mouth,  palpitation,  nausea,  dizziness,  fatigue,  malaee.  and 
insomnia  Overdosage  with  salmeterol  may  be  expected  to  result  in  exaggeration  of  the  pharmacologic  adverse 
effects  associated  with  beta -adrenoceptor  agonists,  mduding  tachycardia  andj'or  arrhythmia,  tremor,  headache, 
and  musde  cramps  Overdosage  with  salmeterol  can  lead  to  dimcally  significant  protongabon  of  the  QTc  inter- 
val, which  can  produce  ventncular  arrhythmias  Other  signs  of  ovenJosage  may  mdude  hypokalemia  and  hyper- 
glycemia. 

As  With  all  sympathomimetic  aerosol  medications,  cardiac  arrest  and  even  death  may  be  associated  with 
abuse  of  SEREVENT  Inhalation  Aerosol 

Treatinent  consists  of  discontinuation  of  SEREVENT  Inhalation  Aerosol  together  with  appropnale  symptomatic 
therapy.  The  )udicious  use  of  a  cardiosetective  beta-receptor  blocker  may  be  considered,  beanng  m  mmd  that 
such  medication  can  produce  bronchospasm  There  is  insufficient  evidence  to  detennine  if  dialysis  e  beneficial 
lor  overdosage  of  SEREVENT  Inhalation  Aerosol  Cardiac  monitonng  is  recommended  in  cases  of  overdosage. 

No  deaths  were  seen  m  rats  at  inhalation  doses  of  2  9  mg-ltg  (approximatety  240  times  the  maximum  rec- 
ommended human  daily  inhalation  dose  on  a  mg/m-  basisi  and  in  dogs  at  0  7  nyg/kq  (approximately  190  times 
the  maximum  recommended  human  daily  inhalation  dose  on  a  mg'm-  base)  By  the  oral  nxrte.  no  deatfis 
occun^ed  in  mice  at  1 50  mgiltg  (approximately  6100  times  the  maximum  recommended  human  daify  mfialabon 
dose  on  a  mg/m-  basis)  and  in  rats  at  1000  mg/kg  (approximately  81.000  times  the  maximum  recommended 
human  daily  inhalation  dose  on  a  mg/m-  basis). 
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collected  using  the  Vermont  Oxford  Network  Database  for  January  I. 
1994  to  December  31.  1997.  SETTING:  Ten  self-selected  neonatal  in- 
tensive care  units  (NICUs)  received  the  intervention.  They  formed  2 
subgroups  (6  NICUs  working  on  infection.  4  NICUs  working  on  chronic 
lung  disease).  Sixiy-si.\  other  NICUs  served  as  a  contemporaneous  com- 
parison group.  PATIENTS:  Infants  with  birth  weight  501  lo  1500  g  bom 
at  or  admitted  within  28  days  of  birth  between  1994  and  1997  to  the  6 
study  NICUs  in  the  infection  group  (n  =  3063)  and  the  66  comparison 
NICUs  in  =  21  5091;  infants  with  hinh  weight  501  to  HKM)  g  at  the  4 
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Taking  the  Mystery 
Out  of  Weaning  the 
Pediatric  Patient 
from  the  Ventilator 

Peter  Betit,  BS,  RRT  FAARC. 
and  Richard  D.  Branson. 
BA  RRT.  FAARC 

Learn  when  to  begin  the  process,  how 
to  recognize  critical  events  in  weaning 
a  pediatric  patient,  and  why  weaning 
of  the  pediatric  patient  Is  different. 


Noninvasive  Ventilation 
The  Latest  Word 


o 

nation:   ■ 


Videotape  available 


program 
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Pulmonary  Rehabilitation. 
Standard  Care  for  Chronic 
Lung  Disease  Patients 

Trina  Umberg.  BS,  RRT,  and 
Thomas  J.  Kallstrom.  RRT  FAARC 

Presentation  derails  when  to  refer  a 
patient  for  pulmonary  rehabilitation; 
how  to  successfully  operate  a  rehabili- 
tation service,  and  how  to  prepare  a 
treatment  plan  during  assessment. 

Videotape  available 


Dean  R.  Hess.  PhD.  RRT  FAAJ?C.  and 
Richard  D.Branson.  BA  RRT  FAARC 

Learn  how  to  avoid  intubation 
through  identification  of  patients  most 
lil<ely  to  benefit  from  noninvasive  venti- 
lation. Learn  selection  and  proper  fit  of 
full  masks  or  nasal  masks  and  how  to 
select  the  proper  ventilator 

Videotape  available 


program 

Education  of  the 
Patient  with  Asthma 


Tracey  Mitchell,  RRT  RPFT  and 
Thomas  J,  Kallstrom,  RRT  FAARC 

This  program  teaches  how  to  ensure 
that  patients  understand  the  disease 
and  their  care  plan  for  effective  disease 
management.  And,  it  details  what 
patient  education  materials  are  available. 

Sponsored  in  part  by  an  educational 
grant  from  Sepracor,  Inc. 


Videotape  available 


program 

ARDS:  The  Disease  and 
Its  Management    .^^^ 

Leonard  D,  Hudson.  MD. 

and  David  J.  Pierson,  IVID.  FAARC 

Presents  ARDS  diagnostic  criteria  and 
clinical  risk  factors.  Teaches  viewers  the 
Implications  of  the  lower  and  upper 
Inflection  points  on  the  pressure-vol- 
ume curve;  and  the  calculation  of  esti- 
mated required  tidal  volume. 

Live  Videoconference  - 

June  26,  1 1:30  a.m.  -  1:00  p  m  CDT 

Teleconference  with  Videotapx.- 

July  1 7.  1 1 :30  a.m.  -  1 2:00  Noon  CDT 

program 

New  Respiratory  Drugs: 
What,  When,  and  How? 

Joseph  L.  Rau,  PhD,  RRT  FAARC, 
and  Patrick  J.  Dunne.  MEd.  RRT 
FAARC 

Learn  racemic  drug  mixtures  and  sin- 
gle isomers  and  their  effective  duration 
and  how  they  lower  costs  and 
Improve  patient  responses.  Viewers 
learn  the  use  of  improved  anticholiner- 
gics and  inhaled  anti-infeaive  agents. 

sponsored  in  part  by  an  educational 
grant  from  Sepracor,  Inc. 

Live  Videoconference  - 

Aug. 1 4,  11:30  a.m.  -  1:00  p.m.  CDT 

Teleconference  with  'yideorapt' 

Sept.!  1,  1 1 :30  a.m.  -  12:00  Noon  CDT 
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Abstracts 


stiuly  NlCUs  in  ihc  chronic  lung  disease  group  (n  =  738).  INTERVEN- 
TIONS: NICUs  formed  multidisciplinary  teams  that  worked  together 
under  the  direction  of  a  trained  facilitator  over  a  3-year  period  beginning 
in  Janiiarv  IW5.  The\  received  instruction  in  quality  improvement,  re- 
\ic\\ed  pcrfoniiance  data,  identified  common  improvement  goals,  and 
implemented  "polenlially  better  practices"  developed  through  analysis  of 
Iho  processes  of  care,  literature  review,  and  site  visits.  MAIN  OUT- 
C'O.ME  MEASURES:  The  rates  of  infection  after  the  third  day  of  life 
with  eoagulase-negalive  staphylococcal  or  other  bacterial  pathogens  for 
infants  with  birth  weight  .SOI  to  I. ")()()  g.  and  the  rates  of  o.xygen  supple- 
mentation or  death  at  .^6  weeks"  adjusted  gestational  age  for  infants  with 
birth  weight  501  to  1000  g.  RESULTS:  Between  1994  and  1996.  the  rale 
of  infection  with  coagulase-negative  staphylococcus  decreased  from 
22.0';  to  lfi.6'(  at  the  6  project  NICLK  in  the  infection  group;  the  rate  of 
supplemental  oxygen  at  .^6  weeks'  adjusted  gestational  age  decreased 
from  4.^.5'7f  to  31..'i'7r  at  the  4  NICUs  in  the  chronic  lung  disease  group. 
There  was  heterogeneity  in  the  effects  among  the  NICUs  in  both  project 
groups.  The  changes  observed  at  the  project  NICUs  for  these  outcomes 
were  significantly  larger  than  those  observed  at  the  66  comparison  NI- 
CUs over  the  4-year  period  from  1994  to  1997.  CONCLUSION:  We 
conclude  that  multidisciplinary  collaborative  quality  improvement  has 
the  potential  to  improve  the  outcomes  of  neonatal  intensive  care. 

Economic  implications  of  Neonatal  Intensive  Care  Unit  Collabora- 
tive Quality  Improvement — Rogowski  JA.  Horhar  JD.  Plsek  PE.  Baker 
LS.  Deierding  .1.  Edwards  W'H.  et  al.  Pediatrics  2001  Jan:l07l  1 1:2.3-29. 

OBJECTIVE:  To  make  measurable  miprovenients  m  the  quality  and  cost 
of  neonatal  intensive  care  using  a  multidisciplinary  collaborative  quality 
improvement  model.  DESIGN:  Interventional  study.  Data  on  treatment 
costs  were  collected  for  infants  with  binh  weight  501  to  1500  g  for  the 
period  of  January  1.  1994  to  December  31.  1997.  Data  on  resources 
expended  by  hospitals  to  conduct  this  project  were  collected  in  a  survey 
for  the  period  January  1.  1995  to  December  31.  1996.  SETTING:  Ten 
self-selected  neonatal  intensive  care  units  (NICUs)  received  the  inter- 
vention. They  formed  2  subgroups  (6  NICUs  working  on  infection.  4 
NICUs  working  on  chronic  lung  disease).  Nine  other  NICUs  served  as  a 
contemporaneous  comparison  group.  PATIENTS:  Infants  with  birth 
weight  50 1  to  1 500  g  bom  at  or  admitted  within  28  days  of  birth  between 
1994  and  1997  to  the  6  study  NICUs  in  the  infection  group  (N  =  2993) 
and  the  9  comparison  NICUs  (N  =  2203);  infants  with  birth  weight  501 
to  KXX)  g  at  the  4  study  NICUs  in  the  chronic  lung  disease  group  (N  = 
663)  and  the  9  comparison  NICUs  IN  =  1007).  INTERVENTIONS: 
NICUs  formed  multidisciplinary  teams  which  worked  together  to  under- 
take a  collaborative  quality  improvement  effort  between  January  1995 
and  December  1996,  They  received  instruction  in  quality  miprovement. 
reviewed  pertormance  data,  identified  common  improvement  goals,  and 
implemented  "potentially  better  practices"  developed  through  analysis  of 
the  processes  of  care,  literature  review,  and  site  visits.  MAIN  OUT- 
COME ME.ASURES:  Treatment  cost  per  infant  is  the  primary  economic 
outcome  measure.  In  addition,  the  resources  spent  by  hospitals  in  under- 
taking the  collaborative  quality  improvement  effort  were  determined. 
RESULTS:  Between  1994  and  1996.  the  median  treatment  cost  per  mfant 
with  binh  weight  501  to  1500  g  at  the  6  project  NICUs  in  the  infection 
group  decreased  from  $57  606  to  $46  674  (a  statistical  decline):  at  the  4 
chronic  lung  disease  hospitals,  for  infants  with  birth  weights  501  to 
1000  g.  it  decreased  from  $85  959  to  $77  250.  Treatment  costs  at  hos- 
pitals in  the  control  group  rose  over  the  same  period.  There  was  heter- 
ogeneity in  the  effects  among  the  NICUs  in  both  project  groups.  Cost 
savings  were  maintained  in  the  year  following  the  intervention.  On  av- 
erage, hospitals  spent  $68  206  in  resources  to  undertake  the  collaborative 
quality  improvement  effort  between  1995  and  1996.  Two  thirds  of  these 
costs  were  incurred  in  the  Hrst  year,  with  the  remaining  third  in  the 
second  year.  The  average  savings  per  hospital  in  patient  care  costs  for 
very  low  birth  weight  inlanls  in  the  infection  group  was  $2.3  million  in 


the  post-intervention  year  ( 1996).  There  was  considerable  heterogeneity 
in  the  cost  savings  across  hospitals  associated  with  participation  in  the 
collaborative  quality  improvement  project.  CONCLUSION:  Cost  savings 
may  be  achieved  as  a  result  of  collaborative  quality  improvement  efforts 
and  when  ihey  occur,  they  appear  to  be  sustainable,  at  least  in  the  short 
run.  In  high-cost  patient  populalions.  such  as  infants  with  very  low  birth 
weights,  cost  savings  can  quickly  offset  institutional  expenditures  for 
quality  improvement  efforts. 

Expiratory  Time  Constants  in  Mechanically  \  entilated  Patients  with 
and  v\ithout  COPD — Lourens  MS.  van  den  Berg  B.  Aerts  JG.  Verbraak 
AF,  Hoogsteden  HC.  Bogaard  JM.  Intensive  Care  Med  2000  Nov:26(  II): 
16I2-I618. 

OBJECTIVE:  In  mechanically  \  entilated  patients,  the  expiratory  time 
constant  provides  information  about  the  respiratory  mechanics  and  the 
actual  time  needed  for  complete  expiration.  As  an  easy  method  to  deter- 
mine the  time  constant,  the  ratio  of  exhaled  tidal  volume  to  peak  expi- 
ratory flow  has  been  proposed.  This  assumes  a  single  compartment  model 
for  the  whole  expiration.  Since  the  latter  has  to  be  questioned  in  patients 
with  chronic  obstructive  pulmonary  disease  (COPD).  we  compared  time 
constants  calculated  from  various  parts  of  expiration  and  related  these  to 
time  constants  assessed  with  the  interrupter  method.  DESIGN:  Prospec- 
tive studv.  SETTING:  A  medical  intensive  care  unit  in  a  university 
hospital.  PATIENTS:  Thirty-eight  patients  (18  severe  COPD.  eight  mild 
COPD.  12  other  pathologies)  were  studied  during  mechanical  ventilation 
under  sedation  and  paralysis.  MEASUREMENTS  AND  RESULTS:  Time 
constants  determined  from  flow-volume  cun.es  at  \00'7c.  the  last  75.  50. 
and  25%  of  expired  tidal  volume,  were  compared  to  time  constants 
obtained  from  interrupter  measurements.  Furthermore,  the  time  constants 
were  related  to  the  actual  time  needed  for  complete  expiration  and  to  the 
patient's  pultnonary  condition.  The  time  constant  determined  from  the 
last  75%  of  the  expiratory  flow -volume  curve  (RCfv75)  was  in  closest 
agreement  with  the  time  constant  obtained  from  the  interrupter  measure- 
ment, gave  an  accurate  estimation  of  the  actual  time  needed  for  complete 
expiration,  and  was  discriminative  for  the  severity  of  COPD.  CONCLU- 
SIONS: In  mechanically  ventilated  patients  with  and  without  COPD.  a 
time  constant  can  well  be  calculated  from  the  expiratory  flow-volume 
curve  for  the  last  75%  of  tidal  volume,  gives  a  good  estimation  of  re- 
spiratory mechanics,  and  is  easy  to  obtain  at  the  bedside. 

Acute  Respiratory  Distress  Syndrome  in  Trauma  Patients:  ICU  Mor- 
tality and  Prediction  Factors — Navarrete-Navarro  P.  Ruiz-Bailen  M. 
Ri\eia-Fernande/  R.  Guerrero-Lopez  F.  Pola-Gallego-de-Guzman  MD. 
Vazquez-Mata  G.  Intensive  Care  Med  2000  Nov;26(  1 1 1:1624-1629. 

OBJECTIVES:  To  study  the  factors  that  influence  the  intensive  care  unit 
(ICU)  mortality  of  trauma  patients  who  develop  acute  respiratory  distress 
syndrome  (ARDS)  and  to  evaluate  determinants  of  length  of  ICU  slay 
among  these  patients.  DESIGN:  Study  on  a  prospective  cohort  of  59 
trauma  patients  that  developed  ARDS.  SETTING:  ICU  of  a  referral 
trauma  center.  Fifty-nine  patients  were  included  during  the  study  period 
from  1994  to  1997.  METHODS:  The  dependent  variables  studied  were 
the  mortality  and  length  of  ICU  stay.  The  main  independent  variables 
studied  included  the  general  severity  score  .-XP.ACHE  III.  the  revised 
trauma  and  injury  severity  scores  (RTS.  ISSl.  emergency  treatment  mea- 
sures, the  gas  exchange  index  (Pao,/Fio,>  recorded  after  the  onset  of 
ARDS  and  the  development  of  multiple  system  organ  failure  (MSOFl. 
Univariate  and  multivariate  analyses  were  performed.  RESULTS:  The 
mean  age  of  patients  was  42.1  ±  16.7  years.  49  patients  (83  %)  were 
male,  the  mean  APACHE  III  score  was  52.7  T  33.7  points,  the  ISS 
28.5  r  1 1 .4  points  and  the  RTS  8.9  ±  2.5  points.  ICU  length  of  stay  was 
28.5  ±  24.5daysandthemortality  rale  31.7  9r  (19  deaths).  Mortality  was 
associated  with  the  follow  ing:  P.,o,/F|o,  ratio  on  the  3rd.  5th  and  7th  days 
post-,-\RDS;  high  \olunie  of  crystalloid/colloid  infusion  during  resusci- 
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talion;  the  APACHE  III  score;  and  the  development  of  .MSOF  According 
to  the  multivariate  analysis,  the  mortality  of  these  patients  was  correlated 
with  the  P,o,/F|„,  ratio  on  the  3rd  day  of  ARDS.  the  APACHE  III  score 
and  the  development  of  MSOF.  This  analysis  also  showed  days  on  me- 
chanical ventilation  to  be  the  only  variable  that  predicted  ICU  length  of 
stay.  CONCLUSIONS:  The  ICU  mortality  of  trauma  patients  with  ARDS 
is  related  to  the  APACHE  III  score,  the  gas  exchange  evolution  as  mea- 
sured hy  the  P.,i,,/F|,,,  on  the  3rd  day  and  the  progressive  complications 
indicated  by  the  onset  of  MSOF.  The  length  of  ICU  stay  of  these  patients 
is  related  to  the  number  of  days  on  mechanical  ventilation. 


days  (mean  15)  on  bypass.  Major  surgical  procedures  were  performed  in 
several  patients.  The  cause  of  death  in  the  three  nonsur\ivors  was  intra- 
cranial complications  leading  to  total  cerebral  infarction.  CONCLUSION: 
A  high  sur\  ival  rate  can  be  obtained  in  adult  patients  witfi  severe  ARDS 
using  ECMO  and  pressure-supported  ventilation  with  minimal  sedation. 
Surgical  complications  are  amenable  to  surgical  treatment  during  ECMO. 
Bleeding  problems  can  generally  be  controlled  but  require  immediate  and 
aggressive  approach.  It  is  difficult  or  impossible  to  decide  when  a  lung 
disease  is  irreversible,  and  prolonged  ECMO  treatment  may  be  success- 
ful even  in  the  absence  of  any  detectable  lung  function. 


Hiyh  Survival  in  \diill  Patients  with  \iiiti'  Kispiralory  Distress 
Syndrome  Irealid  In  Kxtratorporial  Menihrane  Owgenation,  Min- 
imal Sedation,  and  Pressure  Supported  \  entilati<m — Linden  V.  Palmer 
K.  Reinhard  J.  Westman  R.  Ehren  H.  Granholin  T.  Frenckner  B.  Inten- 
sive Care  Med  2000  Nov;26(  1 1  ):I630-1637. 

OBJECTIVES:  To  evaluate  the  results  of  treatment  of  severe  acute  re- 
spiratory distress  syndrome  I. ARDS  I  with  e\tr;icorporeal  membrane  o.x- 
ygenation  (ECMO).  minimal  sedation,  and  pressure  supported  ventila- 
tion. DESIGN  AND  SETTING:  Observational  study  in  a  tertiary  referral 
center.  Intensive  Care  Unit.  .Astrid  Lindgren  Children's  Hospital  at  Karo- 
linska  Hospital.  Stockholm.  Sweden.  SUBJECTS  AND  METHODS:  -Sev- 
enteen adult  patients  with  ARDS  were  treated  with  venovenous  or  veno- 
arterial ECMO  after  failure  of  conventional  therapy.  The  Murray  score  of 
pulmonary  injury  averaged  3.5  (3.0 — 1.0)  and  the  mean  P„,,,/F|o,  ratio 
was  46  (31-65).  A  standard  ECMO  circuit  with  nonheparinizcd  surfaces 
was  used.  The  patients  were  minimally  sedated  and  received  pressure- 
supported  ventilation.  High  inspiratory  pressures  were  avoided  and  arte- 
rial saturation  as  low  as  7(F/f  was  accepted  on  venovenous  bypass.  RE- 
SULTS: In  one  patient  a  stable  bypass  could  not  be  established.  Among 
the  remaining  1 6  patients  1 3  survived  (total  survival  rate  76% )  after  3-52 


Bod)  I'lisilion  Docs  Not  Influence  the  Location  of  \'entilator-lnduced 
l^ung  Injury  Nishiinura  M.  Honda  ().  Tomiyama  N,  Johkoh  T.  Ka- 
gawa  K,  Nishida  T.  Intensive  Care  Med  2000  Nov;26(l  I  ):I664-I669. 

OBJECTIVE:  To  ascertain  whether  the  locations  of  ventilator-induced 
lung  injury  (VILI)  are  influenced  by  body  position.  DESIGN:  Random- 
ized prospective  short-term  study.  SETTING:  Animal  laboratory  at  a 
university  school  of  medicine.  INTERVENTIONS:  Twelve  white  rabbits 
were  mechanically  ventilated  in  IMV  mode  with  an  infant  ventilator 
iV.l.P,  Bird.  Bird  Products,  Palm  Springs.  Calif..  USA).  Based  on  the 
results  of  a  preliminary  study  to  determine  the  ventilator  settings  at  vvhich 
the  lungs  of  rabbits  were  injured  within  5  h  in  the  supine  position,  the 
ventilator  was  set  at  F,,,,  0.2 1 ,  at  a  rate  of  30/min.  T,  0.6  s.  peak  inspira- 
tory pressure  30  cm  H;0.  inspiratory  flow  10  L/min  with  no  applied 
positive  end-expiratory  pressure  (PEEP).  Six  of  the  animals  were  tested 
in  the  supine  position  and  the  other  six  in  the  prone  position.  Respiratory 
gases  were  measured  and  CT  scanning  was  performed  every  30  min.  The 
animals  were  ventilated  for  5  h  or  until  pulmonary  parenchymal  opaci- 
fication was  detected.  The  lungs  were  divided  into  three  areas  from  apex 
to  base  and  three  lev  els  from  v  eniral  to  dorsal,  and  the  location  of  opaci- 
fication was  ascribed  according  to  this  scheme.  After  the  experiment,  the 
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-  Real-time  F  V  loops  and  TA'  curves 

-  Color  graphs  and  printouts 

-  Reliable,  easy  to  use  software 

-  .VZ"//''"Bubbles"  incentive  helps 
maximize  patient  results 

Futuremed  spirometers  print  full  page 
reports  that  meet  ATS  standards  for 
spirometry.  They  are  dependable,  full 
featured  and  competitively  priced. 
What's  more,  they  let  you  control  cost 
by  using  \our  choice  of  one-way,  bi- 
directional or  filtered  mouthpieces. 

For  more  information  and  a 

free  demonstration  call 

1-800-222-6780 

Futuremed  America.  Inc. 

(iranada  Hills,  CA  41344 

818-S.^O-25()().  Kax  818-.S')l-475.'; 

wwvv.t'uturemedamerica.com 
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lunys  were  excised  aikl  evamiiied  hisiolcijiically.  MEASUREMENTS 
AND  RESULTS:  Parenchymal  opacificalion  occurred  mainly  in  the  diu- 
sal  lung  areas.  The  time  from  the  beginning  of  ventilation  to  ttie  appear- 
ance of  lung  damage  was  60-120  min  in  the  supine  (S)  group,  and 
60-270  min  in  the  prone  (P)  group,  and  it  was  significantly  longer  in  the 
prone  group  (p  <  0.01).  We  observed  dilTuse  lung  damage,  including 
hyaline  membrane  formation,  inlra-alveolar  edema,  and  infiltration  of 
inllammatory  cells.  CONCLUSIONS:  Body  position  affected  the  time 
course  of  the  desclopmcnl  ot  VlLl.  but  it  did  not  affect  the  location. 

Hospltal-Ac(|uire(l    I'neumoiiia:    Risk    Factors,   Microbiology,   and 

Treatment— Lynch  JP  .<rd.  Chest  2(l(ll  Fcb;119i2  Suppl):.t73S-.W4S. 

Pneumonia  complicates  hospitalization  in  0.5  to  2.0'7r  of  patients  and  Is 
associated  with  considerable  morbidity  and  mortality.  Risk  factors  for 
hospital-acquired  pneumonia  (HAP)  include  mechanical  ventilation  for  > 
48  h.  residence  in  an  ICU.  duration  of  ICU  or  hospital  stay,  severity  of 
underlying  illness,  and  presence  ol  comorbidities.  Pseudimumiis  ueni^i- 
iiosci.  Sla[>li\loaHnis  iniifiis.  and  Lnterobacter  are  the  most  common 
causes  of  HAP.  Nearly  half  of  HAP  cases  are  polymicrobial.  In  patients 
receiving  mechanical  ventilation.  H  ni'iuginosa.  Acinetobacter.  melhicil- 
lin-resistant  S  aureus,  and  other  antibiotic-resistant  bacteria  assume  in- 
creasing importance.  Optimal  therapy  for  HAP  should  take  into  account 
severity  of  illness,  demographics,  specific  pathogens  involved,  and  risk 
factors  for  antimicrobial  resistance.  When  P  aeruginosa  is  implicated, 
monotherapy,  even  with  broad-spectrum  antibiotics,  is  associated  with 
rapid  evolution  of  resistance  and  a  high  rate  of  clinical  failures.  For 
pseudomonal  HAP.  we  advise  combination  therapy  with  an  anlipseudo- 
monal  beta-lactam  plus  an  aminoglycoside  or  a  tluoroquinolonc  (eg. 
ciprotloxacin). 

.\re  Quantitative  Cultures  Useful  in  the  Diagnosis  of  Hospital--\c- 
quired  Pneumonia?— San  Pedro  G.  Chest  2001  Feb:119(2  Suppl):385S- 
.WOS. 

Noninvasive  and  invasive  tests  have  been  developed  and  studied  for  their 
utility  in  diagnosing  and  guiding  the  treatment  of  hospital-acquired  pneu- 
monia, a  condition  with  an  inherently  high  mortality.  Early  empiric  an- 
tibiotic treatment  has  been  shown  to  reduce  mortality,  so  delaying  this 
treatment  until  test  results  are  available  is  not  justifiable.  Furthermore. 
tailoring  therapy  based  on  results  of  either  noninvasive  or  invasive  tests 
has  not  been  clearly  shown  to  affect  morbidity  and  mortality.  This  may 
be  related  to  quantitative  limitations  of  these  tests  or  possibly  to  a  high 
false-negative  rate  in  patients  who  receive  early  antibiotic  treatment  and 
may  therefore  have  suppressed  bacterial  counts.  Results  of  these  tests, 
howe\er.  do  inlluence  treatment.  It  is  therefore  hoped  that  they  may 
ultimatelv  provide  a  rational  basis  for  making  therapeutic  decisions.  In 
the  future,  outcomes  research  should  be  a  part  of  large-scale  clinical 
trials,  and  noninvasive  and  invasive  tests  should  be  incorporated  into  the 
design  in  an  attempt  to  provide  a  belter  understanding  of  the  value  ot 
such  tests. 

Guidelines  and  Critical  Pathw  ay  s  lor  ,Severe  Hospital-.4cquire(l  Pneu- 
monia—Fiel  S.  Chest  2(101  Feb:114i2  Suppli;412S-41SS. 

Hospital-acquired  pneumonia  (H.APl  is  associated  with  high  morbidity 
and  mortality.  Early,  appropriate,  and  adequate  empiric  therapy  can  in- 
crease the  chance  of  survival.  In  iW5.  the  .American  Thoracic  Society 
provided  guidelines  for  the  initial  treatment  of  imiuunocompetent  HAP 
patients,  which  is  one  of  the  principal  HAP  management  approaches 
available  to  physicians  today.  However,  these  guidelines  have  several 
important  limitations,  including  a  lack  of  recommendations  for  duration 
of  therapv  and  no  recognition  of  newer  drugs  such  as  cefepime.  trova- 
tloxacin.  and  meropenem.  Furthermore,  they  fail  lo  distinguish  among 
similar  compounds  lie.  beta-lactam/bcla-lactamase  inhibitor  combina- 
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tionM  or  to  recommend  specific  antibiotics.  The  clinician  using  these 
guidelines  needs  to  address  local  patterns  of  antimicrobial  resistance. 
especially  in  ICUs.  Effective  computerized  antibiotic  management  pro- 
grams that  incorporate  information  on  local  patterns  of  antimicrobial 
resistance  can  assist  physicians  in  empiric  therapy  decision  making,  im- 
prove patient  quality  of  care,  and  reduce  medical  costs. 


Impli'mentalion  of , Strategies  to  Control  ,\ntimicrobial  Resistance — 

Miirihs  R.  Chest  2001  Feb:119(2  Suppl):405S-41  IS. 

Antimicrobial  resistance  has  emerged  as  a  major  public  health  issue  in 
recent  years.  A  steady  increase  in  resistance  continues  despite  the  intro- 
duction of  new  antibiotics,  and  resistant  bacteria  ha\e  been  associated 
with  increased  patient  morbidity  and  mortality  as  well  as  with  increased 
costs.  Addressing  the  problem  of  antimicrobial  resistance  requires  bi)lh 
infection  control  and  regulation  of  antibiotic  use:  addressing  either  alone 
is  insufficient.  Mounting  evidence  shows  that  control  of  the  use  of  broad- 
spectrum  antibiotics  (especially  vancomycin  and  third-generation  ceph- 
alosporins) and  implementation  of  infection  control  mea.sures  can  result 
in  decreased  incidence  of  antibiotic-resistant  bacteria  such  as  vancomy- 
cin-resistant  enterococci  and  e.xtended-spectrum  beta-lactamase-produc- 
ing  Escherichia  coli  and  Klebsiella.  Recent  reports  from  professional 
organizations  and  a  consensus  of  experts  have  outlined  strategies  for  the 
control  of  resistance  in  hospitals,  with  specific  measures  identified  for 
antibiotic  control  and  infection  control.  These  reports  have  emphasized 
the  importance  of  a  multidisciplinary  approach  in  tackling  this  problem 
in  hospitals  and  have  suggested  that  a  quality -improvement  model  be 
used  to  address  antimicrobial  resistance.  A  close  collaboration  among  the 
disciplines  of  infectious  diseases,  microbiology,  hospital  epidemiology. 
pharmacy,  and  nursing,  w  ith  particular  emphasis  in  ICUs.  and  w  ith  strong 
support  from  hospital  leadership,  can  result  in  an  effective  program  that 


can  be  readily  incorporated  into  the  quality-improvement  goals  of  any 
health-care  organization. 


Resistance  Patterns  .Among  Nosocomial  Pathogens:  Trends  o\er  the 
Past  Few  Years— Jones  RN.  Chest  2001  Feb:ll9(2  Suppl):397S-4(MS. 

Multiple  surveillance  studies  have  demonstrated  that  resistance  among 
prevalent  pathogens  is  increasing  at  an  alarming  rate,  leading  to  greater 
patient  morbidity  and  mortality  from  nosocomial  infections.  Among  Gram- 
positive  organisms,  the  most  important  resistant  pathogens  are  methicil- 
lin-  (oxacillin- )resistant  Sriii>h\lococciis  aureus,  beta-lactam-resistant  and 
multidiiig-resistant  pncumococci.  and  vancomycin-resistant  enteriKocci. 
Important  causes  of  Gram-negative  resistance  include  extended-spectrum 
beta-lactamases  (ESBLs)  in  Klebsiella  pneumoniae,  Escherichia  coli. 
and  Proteus  mirabilis.  high-level  third-generation  cephalosporin  (Amp 
C)  beta-lactamase  resistance  among  Enterobacter  species  and  Ciirobacier 
freundii.  and  multidrug-resistance  genes  observ  ed  in  Pseudomonas  aerugi- 
nosci.  .Acinctobacter.  and  Slenotrophomonas  mallophilia.  In  selecting  an 
empiric  treatment  for  a  nosocomial  infection,  one  should  consider  the 
prevalent  resistance  patterns.  Antimicrobials  used  for  the  treatment  of 
nosocomial  infections  should  be  effective  against  any  likely  resistant 
pathogens  and  should  not  further  promote  the  development  of  resistance. 
Recent  data  suggest  that  because  of  ESBLs  and  high-level  amp  C  beta- 
lactamase  resistances,  use  of  third-generation  cephalosporins  may  be 
ineffective  in  many  patients  with  nosocomial  infections.  In  addition,  use 
of  these  agents  may  allow  o\  ergrow  th  of  inherently  resistant  entenxocci. 
The  role  of  tluoroquinolones  in  the  empiric  treatment  of  nosiKomial 
infections  is  also  being  limited  by  new  resistance  patterns  and  increasing 
resistance  levels.  Available  antimicrobials  w  ith  good  activity  against  many 
resistant  pathogens  include  the  carbapenems.  piperacillin/tazobaclam.  and 
cefepime.  In  addition,  several  new  agents  with  good  activity  against 
Gram-positive  organisms  are  in  development  or  have  been  recently  re- 
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leased.  Appropriate  antimicrobial  selection,  surveillance  systems,  and 
effective  infection-control  procedures  are  key  partners  in  limiting  anli- 
microbial-resislanl  pathogen  occurrence  and  spread. 

Cercbrovenoiis  Oxygen  Suturation  Moniloiinn:  rraclical  Consider- 
ations and  Clinical  Relevance— Macmillan  CS.  Andrews  I'J.  Intensive 
Care  Med  :nil(l  ..\iij;;:<)iK):  l()2S-in.^(i. 

Measurement  of  the  saturation  of  hrain  einuciil  hlood  gives  a  global 
estimate  of  cerebral  oxygenation.  It  may  provide  clinicians  with  infoi- 
mation  to  assist  in  reducing  secondary  insults  to  the  brain  « ith  potential 
benefits  to  a  range  of  patients  with  actual  or  potential  acute  brain  injury 
such  as  trauma  and  cardiac  bypass  procedures.  The  technology  to  con- 
tinuously measure  this  variable  is  simple  to  use  but  requires  attention  to 
detail;  it  is  limited  in  its  ability  to  detect  discrete  regions  of  ischaemia  or 
hyperaeiiiia  unless  these  are  of  sufficient  magnitude  to  infiuence  the 
saturation  of  brain  effiuent  blood.  There  are  few  complications  that  result 
from  this  invasive  technique  and  they  are  usually  of  a  minor  nature.  The 
technique  also  enables  research  opportunities  from  the  ability  to  sample 
blood  as  it  leaves  the  cranium.  Poor  outcomes  are  seen  in  patients  with 
traumatic  brain  injury  who  exhibit  either  reduced  or  increased  cerebrov- 
enous  oxygen  saturation  and  it  remains  to  be  seen  if  detection  and  cor- 
rection of  these  anomalies  will  produce  patient  benefits. 

Ki'Ulonal  Distribution  of  (;as  and  Tissue  in  Acute  Respiratory  Dis- 
tress .S\ndnune.  II.  I'hysiolojjical  Correlations  and  Definition  of  an 
ARD.S  Severity  Score.  CT  Scan  ARDS  Study  (iroup— Rouby  JJ.  Pu>- 
basset  L.  Clu/cl  P.  Richcci>eur  J.  Lii  Q.  Grenicr  P.  Intensive  Care  Med 
2000  Aug:26(8):  1046- 1056. 

OBJECTIVES:  (a)  To  assess  whether  differences  in  lung  morphokigv 
observed  in  patients  with  adult  respiratory  distress  syndrome  (ARDS)  are 
associated  with  differences  in  cardiorespiratory  parameters,  lung  me- 
chanics, and  outcome,  (b)  To  propose  a  new  ARDS  Severity  Score  to 
identify  patients  with  a  high  mortality  risk.  DESIGN:  Prospective  study 
over  a  S.'^-month  period.  SETTING:  Fourteen-bed  surgical  intensive  care 
unit  of  a  university  hospital.  PATIENTS  AND  PARTICIPANTS:  Sev- 
enty-one consecuti\e  patients  with  early  ARDS.  MEASUREMENTS 
AND  RESULTS:  Cardiorespiratory  parameters  were  measured  using  a 
Swan-Ganz  catheter,  the  pressure-volume  (PVl  curve  was  measured  us- 
ing the  gross  syringe  method,  and  fast  spiral  computed  tomography  (CT) 
was  performed.  Patients  with  diffuse  attenuations  (n  =  16)  differed  from 
patients  with  lobar  attenuations  (n  =  26)  regarding:  (a)  mortality  rate 
(75%  vs.  42%.  p  =  0.05).  (b)  incidence  of  primary  ARDS  (82%  vs.  50%, 
p  =  0.03).  (c)  respiratory  compliance  (47  ±  12  vs.  64  ±  16  mL  per  cm 
H,0''  p  =  0,04).  and  (d)  lower  inflexion  point  (8.4  ±  2.0  vs.  4.6  ±  2.0 
cm  H,0.  p  =  0.001 1.  A  third  group  of  patients  with  patchy  attenuations 
(n  =  29)  had  a  mortality  rate  of  41  %,  a  respiratory  compliance  of  56  ± 
18  mL  per  cm  H,0''  and  a  lower  inflexion  point  of  6..'*  ±  2.7  cm  H^O. 
The  bedside  chest  radiograph  accurately  assessed  lung  morphology  in 
only  42%  of  the  patients.  In  contrast  to  the  scores  based  on  the  bedside 
chest  radiograph,  a  new  ARDS  Severity  Score  based  on  CT  lung  mor- 
phology and  cardiorespiratory  parameters  identified  a  subgroup  ot  pa- 
tients with  a  high  mortality  rate  (a  60%).  CONCLUSIONS:  In  patients 
with  ARDS.  differences  in  lung  morphology  are  associated  with  differ- 
ences in  outcome  and  lung  mechanics.  A  new  .^RDS  Severity  Score 
based  on  CT  lung  morphology  and  cardiorespiratory  parameters  accu- 
rately identified  patients  with  the  tiiost  severe  forms  of  ,\RDS  and  a 
mortality  rate  above  6(^1 

Anterior  Magnetic  Phrenic  Nerve  Stimulation:  Laboratory  an<l  Clin- 
ical Kvaluation— Polkey  MI.  Duguet  A.  Luo  V.  Hughes  PD.  Hart  N. 
Hamnegard  CH.  et  al.  Intensive  Care  Med  2000  Aug:26(8):l065-I075. 


OBJECTIVE:  Anterior  magnetic  stimulation  (aMS)  of  the  phrenic  nerves 
is  a  new  method  for  the  assessment  of  diaphragm  contractility  that  might 
have  particular  applications  for  the  clinical  assessment  of  critically  ill 
patients  who  are  commonly  supine.  DESIGN:  We  compared  aMS  with 
existing  techniques  Icir  measurement  of  diaphragm  weakness  and  latigue 
in  10  normal  subjects,  27  ambulant  patients  with  suspected  diaphragm 
weakness  and  10  critically  ill  patients.  SETl'ING:  Laboratory  and  inten- 
sive care  unit  of  two  university  hospitals.  RESl'LTS:  Although  aMS  was 
not  demonstrably  supramaximal  in  normal  subjects,  the  mean  value  of 
twitch  transdiaphragmatic  pressure  (Tw  Pdil  obtained  al  100%  of  stim- 
ulator output,  2.'^. 7  cm  H,0.  did  not  differ  significantly  from  that  ob- 
tained with  bilateral  supramaximal  electrical  stimulation  (ES).  24.9  cin 
H,0.  or  bilateral  anterior  magnetic  phrenic  nerve  stimulation  (BAMPS). 
27.3  cm  H,0.  A  fatiguing  protocol  produced  a  20%  fall  in  aMS-Tw  Pdi 
and  a  19%  fall  in  BAMPS-Tw  Pdi;  the  fall  in  aMS-Tw  Pdi  correlated 
with  the  fall  in  BAMPS-Tw  Pdi  (r"  =  0.84.  p  =  0.()3l  indicating  that  aMS 
can  detect  diaphragm  latigue.  In  ambulant  patients  aMS  agreed  closely 
with  existing  measures  of  diaphragm  strength.  The  maximal  sniff  Pdi 
correlated  with  both  the  aMS-Tw  Pdi  (r"  =  0.60.  p  <  0.0001)  and  the 
BAMPS-Tw  Pdi  (r  =  0.65.  p  <  0.0001)  and  the  aMS-Tw  Pdi  was  a 
mean  (SD)  2.2  (4.3)  cm  H,0  less  than  BAMPS-Tw  Pdi.  In  addition.  aMS 
correctly  identified  diaphragm  dysfunction  in  patients  studied  on  the 
ICU.  CONCLUSIONS:  We  conclude  that  aMS  is  of  clinical  \alue  for  the 
insestigation  of  suspected  diaphragm  weakness. 

Cost  Analysis  of  Plasma-Exchange  Therapy  for  the  Treatment  of 
Cuillain-Barre  Sy  ndrome.  French  Cooperative  {;roup  on  Plasma  Ex- 
change in  Guillain-Barre  Sy  ndrome — Esperou  H.  Jars-Guincesire  MC. 
Bolgert  F.  Raphael  JC.  Durand-Zalcski  1.  Intensive  Care  Med  2000  Aug; 
26(8):  1094-1 100. 

OBJECTIVE:  To  undertake  a  cost  analysis  of  therapeutic  strategies  with 
plasma  exchange  (PE)  for  the  treatment  of  patients  with  Guillain-Barre 
syndrome.  DESIGN:  A  randomized  clinical  trial  including  556  patients 
with  Guillain-Barre  syndrome.  We  demonstrated  that  in  the  group  with 
mild  disease  (walking  possible)  two  PEs  were  more  effective  than  none 
in  shortening  the  time  (o  beginning  motor  recovery.  In  the  groups  with 
moderate  disease  (walking  impossible)  and  or  severe  disease  (mechani- 
cally ventilated  patients)  four  sessions  were  more  effective  than  two  and 
no  more  effective  than  six  in  shortening  the  time  to  recovery  of  walking 
w  ith  assistance  and  for  the  recovery  rate  of  full  muscle  strength  within  1 
year.  Data  on  outcomes  and  costs  was  collected.  Complete  cost  data  were 
available  on  546  from  the  556  patients  of  the  trial.  Costs  were  estimated 
from  the  viewpoint  of  the  healthcare  system  and  computed  over  a  1-year 
period.  Because  the  analysis  of  metlical  outcomes  did  not  show  any 
difference  regarding  mortality  but  only  on  intermediate  shon-term  and 
long-term  outcomes,  we  carried  out  a  cost  minimization  analysis,  RE- 
SULTS: In  two  groups  a  dominant  strategy  appeared,  with  greater  effi- 
cacy and  lower  costs  in  the  two-PE  arm  for  the  inild  group:  21 .353  euros 
vs.  38.753  euros  and  in  the  four-PE  arm  in  the  moderate  group:  59.480 
euros  vs.  80.737  euros.  In  the  severe  group  four  PEs  w  ere  as  efficient  and 
somewhat  less  expensive  than  six:  57.621  vs.  61.056  euros.  CONCLU- 
SION: The  treatment  of  Guillain-Barre  syndrome  by  PE  at  the  onset  of 
disease  appears  to  have  medical  justification.  The  least  expensive  strat- 
egies are  either  more  or  equally  efficient  as  more  expensive  strategies. 

Early  Iranslaryngeal  Tracheostomy  in  Patients  with  Severe  Brain 
Damage — Stocchetti  N.  Parma  A.  Songa  V.  Colombo  A,  Lampeni  M, 
Tognini  L   Intensive  Care  Med  2000  Aug;26(8):l  101-1 107. 

OBJECTIVES:  To  describe  the  effects  of  early  translaryngeal  tracheos- 
tomy on  intracranial  pressure  lICPl,  cerebral  perfusion  pressure  iCPP). 
and  lugular  bulb  saturation  l.SjO,);  to  identify  the  main  mechanisms 
affecting  ICP  during  tracheostomy:  and  to  evaluate  the  long-term  effects 
of  tracheostomv  on  tracheal  anat<im\  and  function.  DESIGN:  Prospec- 
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live,  observational,  clinical  study.  SETTING:  Neurosurgical  intensive 
care  unit  in  a  teaching  hospital.  PATIENTS:  20  patients  admitted  to  the 
ICU  because  of  head  injury,  subarachnoid  hemorrhage,  or  brain  lumor 
with  a  Glasgow  Coma  .Scale  less  than  8.  INTERVENTIONS:  Patients 
underwent  translaryngeal  tracheostoiny  under  strict  neuromoniloring. 
MEASUREMENTS  AND  RESULTS:  ICP  rose  signillcantK  (p  <  O.O.S) 
at  the  critical  time  of  cannula  placement  while  all  other  parameters  re- 
mained stable.  At  this  time  five  patients  suffered  intracranial  hyperten- 
sion (ICP  >  20  mm  Hg).  In  one  of  them  CPP  dropped  below  (SO  mm  Hg. 
Arterial  CO,  tension  (P,ro,)  did  not  rise  significantly.  No  other  major 
complications  were  recorded  during  the  procedures.  Three  inonths  after 
tracheostomy  normal  findings  were  detected  by  tracheoscopy  in  all  cases 
( 1 1  patients  could  be  e.vamined).  CONCLUSIONS:  Translaryngeal  tra- 
cheostomy, performed  in  selected  patients  v^hen  the  risk  of  intracranial 
hypertension  was  reduced  to  the  minimum,  was  well  tolerated  in  the 
majority  of  cases  and  did  not  induce  persistent  intracranial  disorders. 
However.  ICP  is  affected  by  tracheostomy,  and  careful  monitoring  and 
patient  selection  is  necessary.  At  follmv-up  no  severe  anatomical  or 
functional  damage  was  detected. 

Blood  in  the  (iastrointisllnal  Trad  Delays  and  Blunts  the  P,  ,,2  Ke- 
spun.si'  to  I  runsient  .Mucosal  ischuemia — Venkatesh  B.  .Morgan  TJ.  In- 
tensive Care  Med  20(X)  AugL26(8):l  108-1 1 1.";. 

OBJECTIVE:  To  determine  whether  the  presence  of  blood  in  the  gas- 
trointestinal tract  impairs  the  detection  of  splanchnic  mucosal  ischacmia 
by  reducing  the  rate  and  magnitude  of  rise  in  gut  luminal  P,  ,,,■  DESIGN: 
Prospective  observational  study.  SETTING:  University  Research  Labo- 
ratory. SUBJECTS:  Four  adult  male  Wislar  rats  v^ith  four  controls  from 
a  concurrent  study.  INTERVENTIONS:  Four  adult  male  Wistar  rats  were 
anaesthetised  with  sodium  pentobarbitone  and  ventilated  with  o.xygen 


and   isoflurane  to  an   initial   P,, 


of  30-40  torr.   Electrtx-hemical- 


llberoptic  gas  sensors  inserted  into  silastic  tubing  placed  in  the  ileal 
lumen  ineasured  luminal  P^o,  at  1-s  intervals.  Distal  aortic  pressure  was 
monitored  continuously.  Six  2-min  episodes  of  aortic  hypotension  were 
induced  in  each  rat  to  a  mean  pressure  of  .'^O  mm  Hg  by  intermittent 
elevation  of  a  silk  sling  placed  around  the  proximal  aorta.  Before  the  last 
three  episodes  in  each  rat  0.75-1.0  ml.  blood  was  injected  into  the  ileal 
lumen  via  a  2.'i-gauge  needle.  Four  control  rats  from  a  concurrent  exper- 
iment were  treated  in  an  identical  fashion  except  that  the  rats  were 
subjected  to  five  ischaemic  episodes,  and  there  was  no  intraluminal  in- 
jection of  blood,  although  a  20-gauge  cannula  was  placed  in  the  proximal 
ileal  lumen.  MEASUREMENTS  AND  MAIN  RESULTS:  The  presence 
of  blood  in  the  lumen  significantly  decreased  the  ischaemic  A  P,,,, 
response  from  33  ±  8  to  15  ±  4  torr  (p  <  0.(K)I )  and  also  significantly 
increased  the  peak  response  time  from  188  ±  12  to  227  i  24  s  (p  < 
0.001 ).  The  corresponding  measurements  in  the  concurrent  controls  dif- 
fered only  from  the  \alues  after  blood  injection  in  the  experimental 
group.  CONCLUSIONS:  In  this  animal  model  the  presence  of  intralu- 
minal blood  significantly  delayed  the  rate  and  the  amplitude  of  luminal 
P(-o,  increases  in  response  to  transient  ischaemia.  This  raises  questions 
about  the  validity  of  luminal  CO,  measurements  as  an  indicator  of  splanch- 
nic ischaemia  in  the  presence  of  gastrointestinal  haemorrhage. 

Theoretical  and  i'.xperimental  Coniparison  of  Constant  Inspired  Con- 
centration and  Pulsed  l)eli\er>  in  NO  Therapy — Heinonen  E.  Hog- 
man  M.  Mcnhuncn  I'  Intensive  Care  Med  2000  Aug:26(8):l  1 16-1 123. 

OBJECTIVE:  Inhaled  NO  therapy  of  artificially  ventilated  patients  has 
been  established  as  being  based  on  constant  inspired  concentration  of 
NO.  In  this  study  a  new  volumetrically  controlled  pulsed  NO  delivery 
mode  is  compared  with  the  established  concentration-based  concept.  DE- 
SIGN: To  evaluate  the  relationship  between  NO  delivery  parameters, 
alveolar  NO  fraction,  and  patient  uptake,  a  mathematical  lung  model  was 


Respiratory  Carl  •  AfXii  si  2001  Vol  46  No  8 


757 


Peep  in  the  Heart  of  Texas. . . 

in  the  midst  of  its  bluebonnet-bedecked  Hill  Country  is  the  city  of 

San  Antonio,  one  of  the  country's  truly  unique  cities.  Explore  the 

city  and  its  countryside,  while  you  also  explore  the  newest  and  best 

in  respiratory  care  at  the  47th  International  Respiratory  Congress. 

Learn  more  about  San  Antonio's  offerings  at  www.sanantoniocvb.com 


,>o^^^'"^^^P'>«^o,^^ 


December  1-4,  SOOl*  San  J^ntonio,  Texas  US Jl 


Experience  the  Best  of  the  Science,  Tradition,  and 
Future  of  Respiratory  Care 

28th  Annual  Donald  F  Egan  Scientific  Lecture 
COPD  —  On  the  Exponential  Curve  of  Progress 

John  Heffner  MD,  of  the  Medical  University  of  South  Carolina,  will  address  COPD  and  its 
growing  significance  for  respiratory  therapists. 

17th  Annual  Phil  Kittredge  Memorial  Lecture 

Mechanical  Ventilation:  How  Did  We  Get  Here  and  Where  Are  We  Going? 

Among  therapists,  Rich  Branson  RRT  FAARC,  of  the  University  of  Cincinnati  Medical  Center. 
is  well  recognized  as  an  authority  and  visionary  when  it  comes  to  mechanical  ventilation. 

27th  Annual  Open  Forum 

Hundreds  of  original  research  papers  will  be  showcased  over  the  four  days  of  the  Congress, 
reviewing  the  latest  in  pediatric,  adult,  critical  care,  home  care,  and  education.  (You  can  still  submit 
your  research  project  -  deadline  July  31).  Learn  about  cutting-edge  research  in  the  Open  Forum  and 
see  the  latest  technology  in  the  Exhibit  Hall. 

17th  Annual  New  Horizons  Symposium 

This  year  the  topic  is  ainway  clearance  techniques.  This  featured  symposium  attracts  an  audience 
of  hundreds  who  come  to  immerse  themselves  in  the  most  thorough  review  of  a  clinical  topic. 

Secure  your  early  bird  low-cost  registration  fee  now.  Register 
online  at  www.aarc.org.  Also,  continue  checking  the  AARC  web  <:^->,^ 
site  for  the  latest  information  on  the  Congress.  ^^ 

The  AARC's  International  Respiratory  Congress  is  the  gold  standard  of  respiratory  care 
meetings.  The  Congress  boasts: 

•  The  low/est  cost  of  continuing  education  per  credit  of  any  show,  anywhere. 

•  The  largest  and  most  impressive  Exhibit  Hall  with  the  most  vendors,  where  you  can  make  your  best  deals 

on  major  purchases  AT  THE  SHOW! 

•  Tfie  largest  gathenng  of  respiratory  care  experts  and  opinion-makers  in  the  world. 

•  The  most  diverse  and  most  dynamic  series  of  lectures. 

•  The  most  opportunities  for  YOU  to  participate  in  your  profession  through  research  and  networking. 


TRAVEL  TIP: 
Trails  of  Texas 

www.texas-on-line.com/ 
graphic/i.rail.htm 


Abstracts 


crealcd  where  NO  delivery  c;iii  lie  ■.imul.iteil  in  varying  venlilaior  set- 
tings, delivery  modes,  and  lung  properlies.  This  model  and  the  etficacy 
of  pulsed  delivery  in  inducing  pulmonary  capillary  vasodilatation  were 
examined  experimentally.  SETTING:  Animal  laboratory.  Depanmcnt  of 
Medical  Sciences.  Clinical  Physiology.  SUBJECTS;  The  experimental 
study  was  performed  with  nine  pigs  of  mixed  breed  weighing  25-35  kg. 
INTERVENTIONS:  The  pigs  were  anaesthetised  and  artificially  venli- 
laled.  Pulmonary  vasoconstriction  was  induced  by  hypoxia.  NO  was 
delivered  periodically  in  the  various  delivery  modes.  MEASUREMENTS 
AND  RESLU.TS:  In  simulation,  in  all  delivery  modes  the  NO  uptake  was 
found  to  be  dependent  on  the  ventilator  settings  and  the  volume  of  the 
dead  space.  Measured  from  pulmonary  artery  pressure,  the  pulsed  deliv- 
ery was  as  effective  in  reducing  the  induced  pulmonary  vasoconstriction 
as  the  constant  inspired  concentration  delivery.  The  amount  of  NO  that 
could  reduce  the  vasoconstriction  back  to  baseline  was  105  nmol  X 
min  '.  By  delivering  in  the  early  part  of  the  inspiration,  ambient  contam- 
ination bv  the  exhaust  gas  is  avoided.  The  expired  NO  values  obtained  in 
the  simulation  and  the  experiments  were  equal.  Based  on  the  simulation, 
the  alveolar  NO  fraction  and  the  NO  uptake  depend  on  the  ventilator 
settings  and  the  dead  space  in  both  volumetric-  and  concentration-based 
delivery.  CONCLUSIONS:  With  pulsed  delivery,  a  therapeutic  effect 
comparable  to  constant  inspired  concentration  delivery  is  achieved.  NO 
gas  is  used  more  effectively,  and  environmental  exhausts  are  reduced. 
The  theoretical  model  shows  that  the  NO  delivery  does  not  predict  al- 
veolar NO  fraction  and  the  NO  uptake.  However,  it  still  remains  an  open 
question  if  the  online  measurement  of  these  parameters  would  provide 
useful  information.  ha\  ing  added  value  in  predicting  and  controlling  the 
efficacy  of  the  NO  treatment. 

Inhaled  .Nitric  Oxide  in  Neonates  viith  Persistent  Pulmonary  Hyper- 
tension— Tworetzky  W.  Bristow  J.  Moore  P.  Brook  MM.  Segal  MR. 
Brasch  RC.  et  al.  Lancet  2001  Jan  13:357(9250):  1 18-120. 

To  investigate  the  oxygenation  and  haemodynamic  dose  response  to 
inhaled  nitric  oxide  in  neonates  with  persistent  pulmonary  hypertension 
(PPHN).  we  gave  seven  neonates  nitric  oxide  and  measured  directly 
pulmonary  arterial  pressure.  Inhaled  nitric  oxide  produced  peak  improve- 
ment in  oxygenation  at  5  parts  per  million  (ppm)  whereas  peak  improve- 
ment in  the  pulmonary-to-systemic  anerial  pressure  ratio  did  not  occur 
until  a  nitric  oxide  dose  of  20  ppm,  which  suggests  that  an  Initial  dose  ol 
20  ppm  is  optimum  for  the  treatment  of  PPHN. 

Relationship  Between  Smoking  and  Weight  Control  Efforts  Among 
Adults  in  the  L  nited  Stales—Wee  CC.  Rigotti  NA.  Da\  is  RB.  Phillips 
RS.  Arch  Intern  Med  2001  Feb  26:161(4):546-550. 

B.^CKCiROUND:  The  effect  of  weight  control  concerns  on  smoking 
among  adults  is  uncleiu-.  We  examined  the  association  between  smoking 
behavior  and  weight  control  efforts  among  US  adults.  METHODS:  A 
total  of  17  317  adults  responded  to  the  Year  2000  Supplement  of  the  1995 
National  Health  Interview  Survey  (83%  combined  response  rate).  Re- 
spondents provided  sociodeniographic  and  health  information,  including 
their  smoking  history  and  whether  they  were  trying  to  lose  weight,  main- 
tain weight,  or  gain  weight.  RESULTS:  Rates  of  smoking  were  lower 
among  adults  who  were  trying  to  lose  or  maintain  weight  than  among 
those  not  trying  to  control  weight  (25%  vs31'7f:  p<0.001).  After  adjust- 
ment for  sex.  race,  education,  income,  marital  status,  region  of  the  coun- 
try, and  body  mass  index,  the  relationship  between  trying  to  lose  weight 
and  current  smoking  varied  according  to  age.  Among  adults  younger  than 
30  years,  those  trying  to  lose  weight  were  more  likely  to  smoke  currently 
(odds  ratio.  1.36  |95%  confidence  interval.  1.09-1.70]).  whereas  older 
adults  trying  to  lose  weight  were  as  likely  or  less  likely  to  smoke  com- 
pared with  adults  not  trying  to  control  weight.  After  adjustment,  smokers 
of  all  ages  who  were  trying  to  lose  weight  were  more  likely  to  express  a 
desire  to  quit  smoking.  Results  were  similar  after  stratification  by  sex  and 


body  mass  index.  CONCLUSIONS:  Adults  younger  than  30  years  are 
more  likely  to  smoke  if  they  are  trying  to  lose  weight.  However,  smokers 
of  all  ages  who  are  trying  to  lose  weight  are  more  likely  to  w  ant  to  slop 
smoking.  Patients'  weight  control  efforts  should  not  discourage  clinicians 
from  counseling  about  smoking  cessation.  Education  about  smoking  and 
healthy  weight  control  methods  should  target  young  adults. 

Diagnosis  of  Pulincinary  Alviolar  I'nitiinosis:  Usefulness  of  Papani- 
colaou-Stained  Smears  of  Bronehoalveolar  Lavage  Fluid— Chou  CW. 

Lin  FC,  Tuni:  SM.  Liou  RD.  Chang  SC.  Arch  Intern  Med  2(X)I  Feb 
26:lfil(4):562-566. 

BACKGROUND:  The  globules  (stained  green,  orange,  or  orange  in  the 
center  coated  with  a  green  rim)  seen  in  Papanicolaou-stained  smears  of 
bronchoalveolar  lavage  fluid  are  suggested  to  be  characteristic  of  pul- 
monary alveolar  proteinosis  (PAP).  OBJECTIVE:  To  evaluate  the  use- 
fulness of  Papanicolaou-stained  smears  of  bronchoalveolar  lavage  fluid 
in  aiding  a  diagnosis  of  P.AP.  METHODS:  Papanicolaou-stained  smears 
of  bronchoalveolar  lavage  fluid  obtained  Irom  7  patients  (5  idiopathic.  2 
secondary)  with  PAP  were  evaluated.  To  serve  as  controls,  the  smears  of 
1 1  normal  subjects  and  128  patients  with  other  pulmonary  disorders  were 
also  examined.  The  findings  on  the  presence  and  number  of  globules 
were  recorded.  To  differentiate  P.AP  from  other  pulmonary  disorders,  the 
highest  globule  value  obtained  from  the  control  group  was  chosen  as  the 
cutoff  point.  RESULTS:  The  characteristic  globules  were  not  found  in 
normal  subjects  and  only  found  in  6  of  1 28  patients  with  other  pulmonary- 
disorders.  Their  clinical  diagnoses  were  Sjogren  syndrome  in  2  cases: 
polymyositis,  idiopathic  pulmonary  fibrosis,  asbestosis.  and  hypersensi- 
tivity pneumonitis  in  1  case  each.  The  numbers  of  globules  in  these  6 
patients  were  1.3.  17.  7.  3.  and  2.  In  contrast,  more  than  100  globules 
were  found  in  all  patients  with  PAP.  The  number  of  globules  was  highly 
sensitive  and  specific  in  aiding  a  diagnosis  of  PAP  when  the  cutoff  value 
was  set  at  18.  CONCLUSION:  The  globules  seen  in  Papanicolaou-stained 
smears  of  bronchoalveolar  lavage  fluid  may  be  valuable  in  aiding  a  diagnosis 
of  PAP.  especially  when  the  number  of  globules  is  more  than  18. 

The  Impact  of  the  Introduction  of  a  Rapid  D-Dinier  Assay  on  the 
Diagnostic  Evaluation  of  Suspected  Pulmonary  Embolism — Goldstein 
NM.  Kollef  MH.  Ward  S.  Gage  BF.  Arch  Intern  Med  2001  Feb  26: 
16U4):567-57I. 

BACKGROUND:  Rapid  D-dimer  assays  are  being  used  in  the  diagnostic 
evaluation  of  suspected  pulmonary  embolism  (PE).  Although  this  hy- 
pothesis is  anticipated  to  decrease  the  use  of  ventilation-perfusion  (V/Q) 
scans  and  other  diagnostic  tests  for  PE.  it  has  not  been  tested  in  a  "real- 
worid"  environment.  SUBJECTS  AND  METHODS:  A  randomized  pro- 
spective trial  was  conducted  on  47(1  of  the  5390  enrolled  patients  aged  60 
years  and  older  who  had  previously  undergone  any  diagnostic  tests  for 
PE  at  an  urban  teaching  hospital.  The  use  of  D-dimer  as  part  of  the 
diagnostic  evaluation  for  PE  was  promulgated  in  the  2  randomly  chosen 
intervention  firms.  The  remaining  2  firms  served  as  controls.  MAIN 
OUTCOME  MEASURES:  The  number  of  V/Q  scans,  spiral  computed 
tomographic  scans,  and  pulmonary  angiograms  performed.  Secondary 
outcomes  included  mortality  and  thromboembolic  or  bleeding  events 
during  3  months  of  follow-up.  RESULTS:  Of  the  470  inpatients  who 
underwent  ev  aluation  for  PE  on  a  per  PE  workup  basis,  fewer  V/Q  scans 
were  performed  in  the  intervention  firms  (63.8%  vs  81.3%:  p<0.01). 
However,  the  number  of  patients  evaluated  for  PE  neariy  doubled  in  the 
intervention  firms  (304  vs  166:  p<0.01).  so  that  more  V/Q  scans  were 
performed  in  the  intervention  than  in  the  control  firms  (194  vs  135: 
p<O.OI).  Ninety-four  patients  from  the  control  firms  and  160  patients 
from  the  intenention  firms  were  diagnosed  and  treated  for  venous  throm- 
boembolic disease  (p<0.01).  There  were  no  differences  in  secondary 
outcomes  during  the  3-month  follow-up.  CONCLUSIONS:  The  intro- 
duction of  a  rLipid  D-dimer  assay   increased  the  number  of  V/Q  scans 
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performed  because  the  numhor  t>(  palicnis  screened  for  PE  increased.  A 
larger  number  of  palienis  in  ihe  inlervenlion  firms  were  diagnosed  a.s 
having  venous  ihromboembolic  disease  (PE  anil/or  deep  vein  ihrombo- 
sis).  There  were  no  perceived  changes  in  niorlalilv  or  venous  ihronibo- 
enih<iMc  evenis  during  the  ^-nionlh  follow-up. 

I  111-  (  liiiiciil  I  laluris  of  SiMri-  (  (>niiiuinil>  ■  \i(|uirr(l  I'm  iiiiiiiiilu 
Presenting  As  Septic  Shock.  Norasept  II  sinch  liiMsliuators  Mank 
PL.  J  Cm  Care  :(HKI  Sep;l5l3):.S.S-0() 

PURPOSE:  The  purpose  of  this  article  was  to  deternunc  the  outcome, 
clinical  and  prognostic  features,  and  microbiology  of  a  large  group  of 
patients  with  comniunity-aciiuired  pneumonia  (CAP)  presenting  in  septic 
shiK-k.  MATKRIALS  AND  MHTHODS:  The  placebo  limb  of  llie  Nora- 
sept II  database  was  examined.  Data  were  collected  on  patients  in  septic 
shiK-k  with  a  diagmisis  of  CAP  who  presented  to  a  participating  site  from 
home.  RESULTS:  One  hundred  and  fon\ -eight  patients  met  the  study 
criteria.  The  28-day  survival  was  53'r.  One  hundred  and  four  pathogens 
were  isolated  from  77  (52'7r)  patients  with  24  (16<7r)  patients  having 
polymicrobial  infections.  The  most  common  pathogen  was  Streptococcus 
pneumoniae  (lyi).  followed  by  Staphylococcus  aureus  (18%).  Hae- 
mophilus influenzae  ( 14% ).  Klebsiella  pneumoniae  ( 1 1  "J ).  and  Pseudo- 
monas  aeruginosa  (7%).  Infeciion  with  P  aerui;inosa  or  Acinetobacter 
species  carried  a  very  high  mortality  (S2'v^).  The  only  clinical  variables 
recorded  in  the  database  that  could  identify  patients  w  ith  pseudomonas  or 
acinetobacter  infection  was  a  history  of  alcohol  abuse.  Comorbidities 
were  present  in  74':i-  of  patients,  involving  predominantly  the  cardiore- 
spiratory system.  Logistic  regression  analysis  demonstrated  APACHE  II 
score  and  serum  interleukin  6  (IL-6)  concentration  to  be  significant  m- 
dependent  predictors  of  mortality.  Patients  with  pseudomonas  or  acin- 
etobacter infection  had  significantly  higher  IL-6  levels  and  significantly 
lower  tumor  necrosis  factor  alpha  levels  when  compared  with  the  rest  of 
the  cohon  of  patients.  CONCLUSION:  A  diverse  spectrum  of  both  Gram- 
positive  and  Gram-negative  pathogens  were  implicated  in  patients  with 
CAP  presenting  in  septic  shock,  necessitating  broad  spectrum  empiric 
antimicrobial  coverage.  This  coverage  should  include  antipseudomonal 
activity,  particularly  in  alcoholic  patients.  Severity  of  illness  (AP.ACHE 

II  score)  and  IL-6  levels  were  important  prognostic  factors.  Infectiiin 
with  P  aeruginosa  and  Acinetobacter  species  carried  a  very  high  mor- 
tality. 

Acute  Respiratory  Distress  Syndrome:  Resource  Use  and  Outcomes 
in  iyS5  and  1W5.  Ircnds  in  Mortality  and  Comorbidities— Pnl.i  MIX 
Navarrete-Navarro  P.  Rivera  R.  Fernandez-Mondejar  R.  Hurtado  B, 
Vazquez-Mata  G.  J  Crit  Care  2000  Sep;15(.^):91-96. 

PURPOSE:  The  purpose  of  this  study  was  to  compare  resource  consump- 
tion and  mortality  between  (ARDS)  patients  with  adult  respiratory  dis- 
tress syndrome  treated  at  our  center  in  1985  (45  patients!  and  those 
treated  in  1995.  MATERIALS  AND  METHODS:  This  was  a  retrospec- 
tive observational  study,  considering  trauma  and  nonirauma  .-\RDS  sep- 
arately. We  recorded  severity  index  scores  (.-XP.ACHE  III),  intectious 
complications  and  mulliorgan  failure,  intensive  care  unit  iICU)  resource 
consumption  (TISS  28).  length  of  stay,  time  on  mechanical  ventilation. 
and  ICU  mortality.  RESULTS:  We  found  no  variation  in  overall  ARDS 
mortality  and  no  reduction  in  mortality  in  the  ARDS  trauma  group  (43.59!^ 
in  1985  vs.  38.5%  in  1995.  not  significant)  but  a  significant  increa.se  in 
mortality  among  nontrauma  septic  ARDS  patients  (68.2%  vs.  82.9%.  p  < 
0.001 ).  largely  attributable  to  the  new  comorbidities  of  human  immuno- 
deficiency virus  (HIV)  infection  and  hematologic  malignancy.  TISS-28 
showed  an  overall  reduction  over  this  time  period  (49.7  ±  6.6  vs.  38. 3  i 
9.7.  p  <  0.(K)1 1.  due  to  fewer  monitoring  measures,  particularly  a  lower 
use  of  pulmonary  artery  catheter.  There  were  no  overall  changes  in  length 
of  stay  or  days  on  mechanical  ventilation  between  1985  and  1995.  but 
these  variables  did  increase  among  the  trauma  subgroup.  CONCLU- 
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SION;  In  our  setting,  mortality  remained  conslniii  I  mm  IMS?  lu  l')').s 
among  ARDS  trauma  patients  but  not  among  noiuraunia  AKDS  pallcius 
because  of  the  new  case-mix  ol  the  latter  population,  which  now  includes 
HIV  and  other  immunodeprcssed  palienls. 


Partial  I  ii|uid  \  tntilation  Shows  Dosi-DependenI  Increase  in  ()\\- 
gcnalidii  with  I'I'I'I'  and  Decreases  I. linn  Injiirj  Associated  with 
Mechanical  \  eiitilatiiin  Siih  G\ .  lluins;  Ml'.  Park  S.I.  Koli  V.  Kaiii! 
KVV.  Kim  II.  J  Cm  Care  :00()  Sep:15l.^l:l()3-1 12. 

PURPOSE:  The  purpose  ol  ihis  article  is  to  evaluate  the  elt'ecl  of  positive 
end-expiratory  pressure  (PKI;P|  during  partial  liquid  ventilation  (PLV) 
and  to  investigate  if  lung  damage  associated  with  mechanical  ventilation 
can  he  reduced  by  PLV.  MATERIALS  AND  MI-THODS:  Twenly-lwo 
New-Zealand  while  rabbits  were  ventilated  in  pressure-controlled  mode 
maintaining  constant  tidal  volume  {10  niL/kg).  Lung  injury  was  induced 
by  repealed  saline  lavage  (P.,,,,  <  100  mm  Hg).Twi)  incremental  PLLP 
steps  maneuvers  (IPSMs)  from  2  to  10  cm  H,0  in  2  cm  H,0  steps  were 
performed  sequentially.  The  control  group  received  the  first  IPSM  in  the 
supine  position  and  were  turned  prone  for  the  second  IPSM.  In  the  PLV 
group  (n  =  7).  12  ml./kg  of  perfiuorodecalin  was  instilled  after  lung 
injury  before  the  two  IPSMs.  The  early  prone  group  (n  =  7)  received 
both  IPSMs  in  the  prone  position.  Parameters  of  gas  exchange,  limg 
mechanics,  and  hemodynamics  as  well  as  pathology  were  examined. 
RESULTS:  During  the  first  IPSM.  the  PLV  group  showed  a  sigmficanl 
increase  in  P,,,,  after  instillation  of  perfiuorodecalin  (p  <  0.05)  and  then 
showed  a  dose-dependent  increase  in  P.^g,  with  PEER.  The  control  and 
EP  groups  showed  improvement  in  P„o,  only  at  higher  PEEP,  eventually 
showing  no  intergroup  differences  at  PEEP  of  10  cm  H^O.  During  the 
second  IPSM  only  the  PLV  group  retained  its  ability  to  increase  P,,,,  to 
the  level  obtained  during  the  first  IPSM  (p  <  O.O.s  compared  with  control 
and  EP  groups).  During  the  first  IPSM  all  three  groups  showed  increasing 
trend  in  static  compliance  (Cst)  with  PEEP  peaking  at  PEEP  of  X  cm 
H,0.  During  the  second  IPSM.  only  the  PLV  group  showed  increase  in 
static  compliance  with  PEEP  (p  <  0.05  compared  with  other  groups). 
Lung  histology  revealed  significantly  less  hyaline  membrane  formaiion 
in  the  PLV  group  (p  <  0.05).  CONCLUSION:  PLV  shows  dose-depen- 
dent increase  in  oxygenation  with  PEEP  and  may  reduce  lung  damage 
associated  with  mechanical  ventilation. 


Design  Strategies  for  Longitudinal  Spirometry  Studies:  Study  Dura- 
tion and  Measurement  Frequency — Wang  ML.  Gunel  E.  Petsonk  EL. 
Am  J  Kcspir  Cm  Care  Med  2()()()  Dec:162(6):2134-2L3X. 

Measuring  the  longitudinal  change  in  FEV,  is  useful  for  assessing  the 
adverse  effects  of  respiratory  exposures  and  pulmonary  diseases.  Inves- 
tigators seek  to  estimate  the  "true"  mean  FEV,  slope  (/a^)  of  an  infinite 
population.  The  difference  between  the  estimated  mean  FEV,  slope  (/Ip) 
and  the  tnie  mean  slope,  resulting  from  biological  variation  and  mea- 
surement errors,  can  be  minimized  by  increasing  the  number  of  subjects 
(N).  years  of  follow-up  (D).  or  the  frequency  of  measurements  (P).  We 
defined  maximum  error  e,„.,^  such  that  P[  iip  -  jx,,  ^  e,„,^]  =  0.95.  and 
thus  e„,„^  is  one-half  the  w  idth  of  the  959r  confidence  inter\  al  for  /n,).  We 
computed  the  values  of  e,„,^  on  the  basis  of  actual  data  obtained  from  160 
coal  miners  and  working  nonminers  who  had  completed  1 1  spirometry 
measurements,  using  recommended  equipment  and  procedures,  at  6-mo 
intervals  over  5  yr.  Individual  5-yr  FEV,  slopes  (AFEV, )  were  calculated 
by  linear  regression.  For  a  range  of  values  of  N.  D.  and  P.  tables  are 
provided  for  e,,,,,,.  the  magnitude  of  detectable  differences  in  AFEV, 
between  two  groups,  and  the  recommended  number  of  subjects  needed  in 
each  of  two  groups  to  reliably  detect  the  anticipated  differences  in  AlTiV , . 
The  tables  provide  unique  guidance  for  investigators  in  selecting  among 
various  study  design  options. 


Knd- Tidal  CO,  Pressure  Determinants  During  Hemorrhagic  Shock — 

Dubin  A.  Murias  0,  Estenssoro  E.  Canales  II.  Sottile  P.  Badic  J.  ct  al. 
Intensive  Care  Med  2(«M)  Nov;26(  1 1  ):I6I9-1623. 

OBJECTIVES:  To  examine  the  relationship  between  cnd-lidal  CO, 
lPi  n  ,,_,)  and  its  physiological  determinants,  pulmonary  blood  fio\\  (car- 
diac output.  CO)  and  CO,  production  (V  CO.).  in  a  model  of  hemor- 
rhagic shock  during  fixed  minute  ventilation.  DESIGN  AND  SLTI'ING: 
Prospective,  observational  study  in  a  research  laboratory  at  a  university 
center.  SUBJECTS  AND  INTliRVIiNTIONS:  Six  anesthetized,  intu- 
bated, and  mechanically  ventilated  mongrel  dogs.  Progressive  stepwise 
bleeding.  MEASUREMENTS  AND  RESULTS:  We  continuously  mea- 
sured PpTco:  *''h  >'  capnograph.  pulmonary  artery  blood  flow  with  an 
electromagnetic  How  probe,  arterial  oxygen  saturation  (S,,,,)  with  a  fi- 
beroptic catheter,  and  oxygen  consumption  (VO  ,)  and  VCO,  by  expired 
gases  analysis.  Oxygen  delivery  (DO  ,)  was  continuously  calculated  from 
pulmonary  blood  fiow  and  S,,,,,.  We  studied  the  correlation  of  P,. no: 
with  CO  and  VCO,  in  each  individual  experiment.  We  also  calculated  the 
critical  point  in  the  relationships  P,  ,(•„,/  DO,  and  VO,/DO,  by  the 
polynomial  method.  As  expected.  P,  j(()2  was  correlated  with  CO.  The 
best  fit  was  logarithmic  in  all  experiments  (median  r^  =  0.90).  showing 
that  PpTro:  decrease  is  greater  in  lowest  fiow  states.  Phtco;  *•''*  corre- 
lated with  VCO,,  but  the  best  fit  was  linear  (median  r^  =  0.77).  Critical 
DO,  for  P,  TC()>  and  VO.,  was  S.O  ±  ^3  and  ft.3  ±  2.5  niL  x  min  '  kg  '. 
respectively  (NS).  CONCLUSIONS:  Our  data  reconfirm  the  relationship 
between  PpTctw  ■'"^  CO  during  hemorrhagic  shock.  The  relatively  greater 
decrease  in  Pi.tcd:  M  lowest  CO  levels  could  represent  diminished  CO^ 
production  during  the  period  of  VO,  supply  dependency. 

Linear  and  Nonlinear  .\nalysis  of  Pressure  and  How  During  Me- 
chanical Ventilation — Vassiliou  MP.  Petri  L.  .\mygdalou  A.  Palrani  M, 
Psarakis  C.  Nikolaki  D.  et  al.  Intensive  Care  Med  2000  Aug:26(S):l()57- 
1064. 

OBJECTIVE:  Linear  modeling  as  a  method  of  exploring  respiratory 
mechanics  during  mechanical  ventilation,  was  compared  to  nonlinear 
modeling  lor  How  dependence  of  resistance  in  three  distinct  groups  ol 
patients,  those  with:  (a)  normal  respiratory  function  (NRF).  (b)  chronic 
obstructive  pulmonary  disease  (COPD).  or  (c)  adult  respiratory  distress 
syndrome  (ARDS).  DESIGN  AND  PATIENTS:  Airways  opening  pres- 
sure (Pao).  fiow  (Y).  and  volume  (V)  signals  were  recorded  in  }2  ICU 
mechanically  \enlilaled  patients,  under  sedation  and  muscle  relaxation 
( 10  NRF,  1 1  COPD.  1 1  ARDS).  All  patients  were  ventilated  with  con- 
trolled mandatory  ventilation  mode  al  three  levels  of  end-expiratory  pres- 
sure (PEEPe):  0,  5,  and  10  hPa.  Data  were  analyzed  according  to:  (a) 
Pao  =  PE  +  Ers  V  +  Rrs  Y  and  (b)  Pao  =  PE  -I-  Ers  V  -^  klY  -t- 
k2?Y.'Y;  where  Ers  and  Rrs  represent  the  intubated  respiratory  system 
(RS)  elastance  and  resistance,  kl  and  k2  the  linear  and  the  nonlinear  RS 
resistive  coefficients,  and  PE  the  end-expiratory  pressure.  The  model's 
goodness  of  fit  to  the  data  was  evaluated  by  the  root  mean  square  dif- 
ference of  predicted  minus  measured  Pao  values.  RESULTS:  NRF  data 
fit  both  models  well  at  all  PEEPe  levels.  ARDS  and  panicularly  COPD 
data  fit  the  nonlinear  model  belter.  Values  of  k2  were  often  negative  in 
COPD  and  ARDS  groups,  and  they  increased  in  parallel  with  PEEPe.  A 
gradual  increase  in  PEEPe  resulted  in  better  fit  of  ARDS  and  COPD  data 
to  both  models.  CONCLUSIONS:  The  model  of  Y  dependence  of  resis- 
tance is  more  suitable  for  the  ARDS  and  particularly  the  COPD  groups. 
PEEP  tends  to  diminish  ihe  Y  dependence  of  respiratory  resistance  dur- 
ing the  respiraUiry  cycle,  particularlv  in  the  COPD  group,  probably  through 
an  indirect  elfect  of  the  increased  lung  volume. 

Management  of  Dyspnea  in  Patients  With  lar- \dvanced  I  ung  Dis- 
ease: "Once  I  Lose  It.  It's  Kind  of  Hard  to  Catch  It." — Luce  .]M. 
Luce  JA.  .I\MA  20III  Mar  I4;2S.^|  l(li:L<.M-l337. 
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Dyspnea  is  a  comnum  problem  aninni;  palienls  wilh  inli-rslilial  rihnisis, 
lung  cancer,  cystic  Hbrosis.  ami  clirv)iiic  ubstruclive  pulnumary  disease. 
The  slow  bul  steady  progression  of  such  diseases,  often  punctuated  by 
acute  exacerbations  or  secondary  illnesses,  can  lead  to  decision-making 
dilemmas  among  patients  and  their  caregivers,  such  as  when  to  accept 
mechanical  ventilation,  when  to  forgo  aggressive  therapies,  and  when  to 
make  lornial  end-ol-life  care  plans.  Two  cases,  a  74-year-old  woman 
with  dyspnea  secondary  to  emphysema  and  a  (vS. year-old  woman  with 
recurrent  lung  cancer  and  severe  exertional  fatigue  and  dyspnea,  illustrate 
how  dvspneic  patients  approaching  the  end  of  lite  can  he  evaluated  and 
treated.  Four  management  strategies  lor  dyspnea  are  discussed:  reducing 
ventilatory  impedance,  reducing  ventilatory  demand,  improving  respira- 
tory muscle  function,  and  altering  central  perception.  Physicians  should 
encourage  end-stage  lung  disease  patients  and  their  families  to  discuss 
issues  such  as  hospilali/ation  and  mechanical  ventilation,  to  prepare  ad- 
vance directives,  and  to  participate  in  a  plan  to  manage  Iheir  dyspnea, 

I'aliiiil-lMiNsician  (  iimnuinicaticin  Duriny  (lutpatitiit  I'alliulive 
Trtalmcnl  Msits:  an  Observational  .Study— IXiiiiar  SH,  Muller  MJ, 
Wever  LD,  Schoniagel  JH,  .Xaronson  NK.  .l.AMA  2001  Mar  14:2X.S(  10): 
1351-1357. 

CONTEXT:  Improving  health-related  quality  ol  lilc  illRyi.i  is  an  ini- 
ponant  goal  of  palliative  treatment,  but  little  is  known  about  actual  pa- 
tient-physician communication  regarding  HRQI.  topics  during  palliative 
treatment.  OBJECTIVES:  To  investigate  the  content  of  routine  comnui- 
nication  regarding  4  specific  HRQI.  issues  between  oncologists  and  their 
patients  and  to  identify  patient-,  physician-,  and  visit-specific  factors 
significantly  associated  with  discussion  of  such  issues.  DESIGN:  Obser- 
vational study  conducted  between  June  1996  and  January  1998.  SET- 
TING: Outpatient  palliative  chemotherapy  clinic  of  a  cancer  hospital  in 
the  Netherlands  P.ARTICTPANTS:  Ten  oncologists  and  240  of  their 
patients  (729r  female;  mean  age.  55  years)  who  had  incurable  cancer  and 
were  receiving  outpatient  palliative  chemotherapy.  MAIN  OUTCOME 
MEASl'RES:  Patient  and  physician  questionnaires  and  audiotape  anal- 
ysis of  communication  regarding  daily  activities,  emotional  functioning. 
pain,  and  fatigue  during  an  outpatient  consultation  using  the  Roier  In- 
teraction Analysis  System.  RESULTS:  Physicians  devoted  64"^/  of  iheir 
conversation  to  medical/technical  issues  and  23%  to  HRQL  issues.  Pa- 
tients" communication  behavior  was  divided  more  equally  between  med- 
ical/technical issues  (419r)  and  HRQI.  topics  (48'/;).  Of  the  independent 
variables  investigated,  patients'  self-reported  HRQL  was  the  most  pow- 
erful predictor  of  discussing  HRQL  issues.  Nevertheless,  in  20'7(  to  54% 
of  the  consultations  in  which  patients  were  experiencing  serious  HRQL 
problems,  no  time  was  devoted  to  discussion  of  those  problems.  In  par- 
ticular, these  patients'  emotional  functioning  and  fatigue  were  unad- 
dressed  549c  and  48%  of  the  time,  respectively.  Discussion  of  HRQL 
issues  was  not  more  frequent  in  consultations  in  which  tumor  response 
was  evaluated.  CONCLUSION:  Despite  increasing  recognition  of  the 
importance  of  maintaining  patients'  HRQL  as  a  goal  of  palliative  treat- 
ment, the  amount  of  patient-physician  communication  devoted  to  such 
issues  remains  limited  and  appears  to  make  only  a  modest  contribution, 
at  least  in  an  explicit  sense,  to  the  evalualion  of  trealmeni  efficacy  in 
dailv  clinical  practice. 

Paradoxical  .Motion  of  the  lleinidiaphragni  in  Patients  with  Emphy- 
sema— IwasawaT.  Yoshiike  Y.  Saito  K.  Kagei  S.  Gotoh  T.  Matsubara  S. 
J  Thorac  Imaging  20(K)  Jul;15(3):191-195. 

■I"he  authors  evaluate  paradoxical  diaphragmatic  motion  using  magnetic 
resonance  (MR)  imaging  in  patients  with  emphysema.  The  subjects  were 
12  healthy  volunteers  and  10  male  patients  with  moderate  to  severe  air 
flow  obstruction.  With  subjects  in  the  supine  position.  30  sequential 
sagittal  images  of  the  bilateral  lungs  were  obtained  during  quiet  and 
forced  breathing  using  a  1.5T  MR  unit  with  a  body  coil.  The  sequence 
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was  single  shol  I'asl  spin  cchn  (SSFSF.)  with  halt  Fmiricr  translornialion. 
Sublraclion  images  were  made  from  the  original  images  (by  sublracling 
a  given  image  Irdm  ihe  preceding  image),  which  \  isualized  the  chest  wall 
motion  as  while  or  black  bands  on  the  edge  of  the  lung  fields.  The  authors 
evaluated  both  the  original  and  subtraction  images.  MR  imaging  showed 
abnormal  hemidiaphragmatic  motion  during  forced  breathing:  the  ventral 
portion  of  the  hemidiaphragm  moved  downward  while  the  dorsal  part 
moved  upward  like  a  seesaw  in  6  patients.  MR  images  also  revealed 
abnormal  rihcage  motion:  the  \entral  ribcagc  moved  anteriorly  when  the 
hemidiaphragm  moved  upward  in  7  patients.  No  abnormal  motion  was 
observed  in  healthy  volunteers.  MR  is  a  noninvasive  and  useful  tool  for 
evaluating  the  asynchronous  respiratory  motion  in  patients  wnli  cniph\- 
sema. 

Syslemie  l<i  Pulmonary  Venous  Shunt  in  Superior  Vena  Cava  Oc- 
clusion— C'ihans;iroglu  M,  Macl£neane>  P.  MacMahon  H.  Dachnian  A. 
J  Ihorac  Imaging  2(XK)  Jul:15(3):208-210. 

This  report  describes  systemic-to-pulmonary  venous  connections  at  the 
pleural  level  resulting  from  superior  vena  cava  occlusion.  The  interval 
development  of  new  venous  collaterals  within  a  3-year  period  represents 
an  advanced  manifestation  of  SVC  occlusion  in  this  patient  with  a  history 
of  pleural  disease.  In  this  case,  progressive  venous  thrombosis  caused  by 
underlying  hypercoaguabilily  led  to  the  development  of  collaterals  in 
unusual  sites,  including  s\stemic-to-pulmonary  venous  shunting,  and  re- 
sulting in  progressive  cyanosis  and  death. 

Alpha, -Antitrypsin  Deficiency:  Incidence  and  Detection  I'rojjruni — 

Campbell  EJ.  Respir  Med  2(){10  Aug;94  Suppl  C:S1X-S21. 

Most  individuals  with  .\\J  deficiency  have  escaped  detection  by  health- 
care systems  worldwide.  The  large  number  of  undiagnosed  individuals 
has  made  it  difficult  to  define  the  natural  history  of  the  clinical  disease 
accurately,  and  severe  ascertainment  bias  has  colored  the  clinical  de- 
scriptions of  the  disease.  Most  importantly,  undetected  individuals  lose 
opportunities  for  important  lifestyle  changes  and  preventive  therapies.  To 
address  this  problein.  the  World  Health  Organization  has  recommended 
that  all  patients  with  chronic  obstructive  lung  disease,  and  all  adults  and 
adolescents  with  asthma,  be  tested  for  A.\T  deficiency.  Historically,  the 
A.AT  Deficiency  Detection  Center  has  tested  more  than  30  000  individ- 
uals for  the  disease,  and  we  have  identified  more  than  1000  cases  of  AAT 
deficiency  (approximately  iO'7r  of  the  known  cases  in  the  United  Stales). 
Currently,  we  are  implementing  methods  for  determining  AAT  concen- 
tration (level),  phenotype,  and  genotype  in  specimens  of  whole  blood 
dried  onto  filter  paper.  This  full  spectnmi  of  robust  tests  is  performed  on 
samples  that  are  easily  obtained  and  shipped  to  a  central  laboratory  for 
processing.  Wide  application  of  these  procedures  may  help  to  bring  large 
numbers  of  presently  undiagnosed  patients  to  medical  attention. 

Marked  Tachypnea  in  Sihlin^s  with  Chronic  Kery  Ilium  Disease  due 
to  Copper-Beryllium  Alloy — Tario  SM.  Rhee  K.  Powell  E.  Amer  E. 
Newman  L.  Liss  G,  Jones  N.  Chest  2001  Feb;  1 14(2 ):647-650. 

Twi)  biological  sisters  working  at  the  same  factory  for  >  y  years  devel- 
oped chronic  beryllium  disease  (CBD)  from  a  copper-beryllium  alloy. 
Both  had  marked  tachypnea  (.36  breaths/min  and  4.S  breaths/min  at  rest, 
respectively),  persisting  over  S  years.  Ventilation  during  exercise  (as- 
sessed in  one  sibling)  was  grossly  excessive  (57  L/min.  expected  23 
L/min)  with  a  respiratory  rate  of  64  breaths/min  even  with  normal  base- 
line routine  pulmonary  function  tests.  Blood  beryllium  lymphocyte  trans- 
formation test  and  lung  biopsies  confirmed  the  diagnosis.  No  other  cases 
of  CBD  ha\e  been  reported  from  this  plant  among  about  120  workers. 
These  cases  support  the  genetic  basis  for  berylliosis  and  illustrate  the 
marked  tachypnea  that  may  accompany  this  disease. 


Transmission  of  Mycobacterium  Tuberculosis  to  a  Funeral  Director 
During  Routine  l'jni)alniin^  l.iu/ardo  M.  lee  P.  Duncan  H.  Hale  \. 
Chest  2001  Feb;l|y(2):640-2. 

Several  studies  have  shown  that  funeral  directors  have  an  increased  risk 
of  tuberculosis  (TB).  Although  there  is  indirect  evidence  of  transmission 
of  TB  from  cadavers  to  mortuary  workers,  there  is  only  one  recently 
documented  case  in  the  literature.  We  report  here  another  case  of  occu- 
pationally  acquired  TB  in  a  funeral  director,  which  was  confirmed  by 
conventional  epidemiology  and  genotyping.  This  case  illustrates  the  risk 
of  IB  transmission  to  mortuary  workers  from  routine  embalming  of 
ilcceased  TB  patients  with  active  disease. 

Diaphraiimatic  Paralysis  Kolluwin!>  Cervical  Chiropractic  Manipu- 
lation: Case  Report  and  Review — Schram  DJ.  Vosik  W.  Cantral  D. 
Chest  2001  Feb:119(2):638-640. 

This  case  report  documents  an  uncommon  cause  of  bilateral  diaphrag- 
matic paralysis  resulting  from  phrenic  nerve  injury  during  cervical  chi- 
ropractic manipulation.  Several  months  after  the  initial  injury,  our  patient 
remains  short  of  breath  and  has  difficulty  breathing  in  the  supine  posi- 
tion. Other  causes  of  diaphragmatic  paralysis  and  phrenic  nerve  injury 
are  reviewed. 

Gene  Therapy  for  Pulmonary  Diseases — West  J.  Rodman  D.M.  Chest 
2001  Feb;l  19(21:613-617. 

Gene  therapy  for  pvilmonary  disease  has  attracted  a  great  deal  of  attention 
since  the  first  report  of  successful  gene  delivery  10  years  ago.  Potential 
indications  for  gene  therapy  include  chronic  illnesses  such  as  cystic 
fibrosis  and  alpha|-antitrypsin  deficiency,  and  acute  illnesses  such  as 
acute  transplant  rejection  and  chemotherapy-induced  lung  injury.  The 
key  technological  impediment  to  successful  gene  therapy  is  vector  opti- 
mization. Viral  vectors,  including  adenovirus  and  adeno-associated  virus. 
have  relatively  low  efficiency  in  vivo.  In  addition,  adenovirus  has  been 
associated  with  a  brisk  infiammatory  response  and  limited  duration  of 
expression  in  the  lung.  Nonviral  vectors,  particularly  liposomes,  have 
also  been  tried,  with  limited  expression  efficiency  and  some  toxicity. 
Although  work  is  ongoing  to  improve  adenoviral  and  adeno-associated 
viral  vectors  and  test  other  viral  and  nonviral  vectors,  an  ideal  vector  has 
not  yet  been  identified.  Several  important  barriers  to  successful  gene 
therapy,  including  the  host  infiammatory  response,  promoter  down-reg- 
ulation, tissue-specific  targeting,  and  physical  barriers  to  gene  delivery  in 
the  airway,  will  need  to  be  overcome.  Despite  these  daunting  problems, 
several  human  gene  therapy  trials  have  been  completed,  using  adenovi- 
rus, adeno-associated  virus,  and  liposomes.  In  general,  these  trials  have 
been  focused  on  safety,  and  have  shown  that  there  is  dose-dependent 
infiammation  in  response  to  adenovirus.  Adeno-associated  virus  appears 
to  cause  little  infiammation.  Demonstration  of  successful  gene  delivery 
and  transcription  has  been  quite  variable  in  human  trials.  In  general,  the 
level  of  expression  of  transgene  appears  to  be  quite  low.  In  summary, 
although  there  is  great  promise  for  gene  therapy  in  the  lung,  significant 
challenges  remain  in  translating  this  technology  to  successful  human 
therapy. 

Do  Surrogate  Decision  Makers  Provide  .Vccurate  Consent  for  Inten- 
sive C^are  Research? — C"oppolino  M.  .Ackcrson  L.  Chest  2(K)I  Feb; 
liy(2):6()3-612. 

CONTEXT:  ICU  patients  are  often  rendered  incapable  of  making  deci- 
sions as  a  result  of  their  illness.  The  accuracy  with  which  patients' 
surrogates  consent  to  research  on  their  behalf  is  not  known.  OBJEC- 
TIVE: To  determine  if  surrogate  decision  makers  provide  accurate  con- 
sent for  intensive  care  research.  DESIGN:  Cross-sectional,  paired,  face- 
to-face  interviews.  SETTING:  A  large,  managed-care,  cardiac  surgery 
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service.  PATIKNTS  AND  PATICIPAN  IS:  One  luimlred  eleclive  tardiiie 
surgery  palicnls  aiiil  llieir  seH-appoinleil  siirriit.'.iles  were  enrolled.  IN- 
TERVENTION: Palienls  agreed  or  declined  lo  provide  inlornied  consent 
lo  i\M)  liypiithelica!  research  trials.  One  trial  represented  niiniinal  risk  lo 
those  enrolled;  the  other  trial  represented  greater-than-minimal  risk.  Sur- 
rogates attempted  to  predict  the  patients'  responses.  Main  outcome  mea- 
sures: The  accuracy  of  surrogate  consent  was  analyzed  in  a  lashion 
analogous  to  the  evaluation  ol  a  diagnostic  test.  Predictors  of  accuracy 
were  evaluated  using  multiple  logistic  regression.  RESULTS:  Overall 
surrogate  positive  predictive  value  lor  the  low-risk  study  was  HA.U'r  and 
for  the  high-risk  study  was  79.7',!-  (p  =  0.72.  McNemar  test).  Predictors 
of  accurate  consent  were  not  consistent  across  the  two  studies.  CON- 
CLUSIONS: Surrogate  decision  makers  for  critical-care  research  resulted 
in  false-positive  consent  rates  of  \(i  to  20.39^.  Further  assessment  and 
evaluation  of  the  practice  of  surrogate  consent  fur  intensive  care  research 
is.  therefore,  recommended. 

The  Costs  of  Irealiiig  COl'l)  in  the  I  iiitid  Slates  Sliassels  S.A, 
Smith  OH.  Sulli\an  SIX  NLiliajan  I'S.  Chesl  :(l()l  I  oh;l  19i:):.'<44-.\S2. 

STUDY  OBJECTIVES:  COPD  affects  millions  of  people  in  the  United 
States.  The  purpose  of  this  study  was  to  describe  the  medical  resource  use 
and  costs  incurred  by  persons  v.ith  COPD  in  the  United  States  in  1987. 
DESIGN:  Data  for  this  study  were  deri\ed  froin  the  1987  National  Med- 
ical Expenditure  Survey.  A  societal  perspective  was  adopted  for  this 
analysis.  PATIENTS  OR  PARTICIPAN  IS:  All  persons  >  40  years  old 
with  resource  use  or  expenditures  for  chronic  bronchitis,  emphysema,  or 
nonspecillc  chronic  airway  obstruction  were  included  in  this  study.  RE- 
SULTS: Mean  per-person  direct  medical  expenditures  among  persons 
with  COPD  were  $6,469  (1987  US  dollars),  about  25'7c  of  which  was 
COPD  related.  Approximately  68'7f  of  direct  medical  expenditures  in 
persons  with  COPD  were  for  inpatient  hospitalization.  CONCLUSIONS: 
COPD  causes  a  large  societal  burden  of  illness  that  is  expected  to  in- 
crease. This  study  provides  a  \aluable  foundation  and  historical  measure 
against  which  to  compare  other  estimates. 

Nulritional  Inter* ention  in  COPO:  \  Systematic  Overview — Ferrcira 
I.  Brooks  [).  Lacasse  V.  Goldstein  R.  Chest  200!  leb:ll9(2):.\';.V36.^. 

OBJECTIVE:  We  conducted  a  systematic  overview  of  randomized  con- 
trolled trials  (RCTs)  to  clarify  the  contribution  of  nutritional  supplemen- 
tation for  patients  with  stable  COPD.  METHODS:  RCTs  were  identified 
from  several  sources,  including  the  Cochrane  Airways  Group  register  of 
RCTs.  a  hand  search  of  abstracts  presented  at  international  meetings,  and 
consultation  with  experts.  Two  reviewers  independently  selected  trials 
for  inclusion,  assessed  quality,  and  extracted  the  data.  RESULTS:  Twen- 
ty-one reports  were  classified  according  to  the  type,  duration  of  supple- 
mentation, and  the  presence  of  anabolic  substances.  High  carbohydrate 
meals  were  associated  with  an  increase  in  carbon  dioxide  production  and 
a  decrease  in  exercise  capacity.  Short-term  crossover  studies  in  which 
diets  of  various  compositions  were  administered  supported  the  notion 
that  high  carbohydrate  loads  increase  the  stress  on  the  ventilatory  system. 
The  intluence  of  longer-term  supplementation  (>  2  weeks!  on  weight, 
anthropometry,  and  exercise  capacity  varied,  without  there  being  a  con- 
sistent effect.  Lean  body  weight  was  only  occasionally  reporleil  and 
health-related  quality  of  life  too  rarely  to  be  included  as  an  outcome.  The 
influence  of  recombinant  human  growth  hormone  was  disappointing. 
Anabolic  steroids  increased  body  weight  and  lean  body  mass,  but  had 
little  influence  on  exercise  capacity.  CONCLUSION:  This  systematic 
overview  in  patients  with  COPD  supports  the  notion  that  those  with 
marginal  ventilatory  reserve  might  benefit  from  a  dietary  regiinen  in 
which  a  high  percentage  of  calories  are  supplied  by  fat.  Although  there 
are  reports  of  the  benefits  of  nulritional  repletion,  trials  of  >  2  weeks 
failed  lo  show  consistent  benefit  on  body  weight.  Evaluating  nutritional 
repletion  is  hamperetl  by  the  absence  of  information  regarding  body 
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composition,  exercise,  and  health-relaled  quality  of  life.  Growth  hormone 
has  not  been  shown  to  be  useful.  Further  studies  are  needed  to  refine  the 
beneficial  eflects  of  anabolic  steroids  as  adjunctive  agents  together  u  itli 
nutritional  support  and  exercise. 

hnpact  of  a  Hospital-Uasid  llonu'-Care  ('royrani  on  the  Manaye- 
nu'nl  of  I'Ori)  I'alii'iits  Kiciixinj;  l.ony- lirni  Owycn  Thirap) 
Farrcro  E.  tscarrahill  J.  Prats  E.  Maderal  M.  Manresa  F.  CheM  :iK)l 
Feb;!l9(2):.^64-.16y. 

STUDY  OBJECTIVES;  To  analyze  the  intluencc  of  a  hospital-based 
home-care  program  (HCP)  on  the  management  of  patients  with  CORD 
receiving  long-term  oxygen  therapy.  DESIGN  AND  SEITING:  Ran- 
domized, controlled  study  in  a  I.OOO-bed  university  hospital.  INTER- 
VENTION: The  HCP  applied  to  patients  in  the  intervention  group  (HCP 
group  I  consisted  of  a  monthly  telephone  call,  home  visits  every  3  months, 
and  home  or  hospital  visits  on  a  demand  basis.  Patients  in  the  control 
group  were  given  conventional  medical  care.  ME.'\SUREMENTS:  Pul- 
monary function  data,  gas  exchange,  use  of  hospital  resources  (emergen- 
cy department  visits,  admissions,  and  hospital  stay)  and  the  cost  of  med- 
ical assistance  were  investigated  in  both  groups  before  and  after  1  year  of 
study.  Quality  of  life  was  analyzed  using  the  chronic  respiratory  ques- 
tionnaire in  the  first  40  consecutive  patients  included  in  the  study.  Sur- 
vival throughout  the  study  was  also  assessed.  RESULTS:  One  hundred 
tvsenty-two  patients  were  enrolled  in  the  study,  and  94  patients  (46  in  the 
HCP  group  and  48  in  the  control  group)  completed  the  1-year  follow-up 
period:  8.3  patients  (88'/<-)  were  men.  and  mean  (  ±  SD)  age  was  68  ±  8 
years.  During  the  follow-up  period,  there  was  a  highly  significant  de- 
crease in  the  mean  number  of  emergency  department  visits  (0.45  ±  0.83 
vs  1.58  ±  1.96;  p  =  0.0001)  and  also  a  significant  decrease  in  hospital 
admissions  (0.5  ±  0.86  vs  1.29  ±  1.7;  p  =  0.001)  and  days  of  hospital 
stay  (7.43  ±  15.6  vs  18.2  ±  24.5;  p  =  0.01)  in  the  HCP  group.  Patients 
in  the  intervention  group  required  a  total  of  221  home  visits  (mean  per 
patient.  4.8  r  0.8)  and  69  hospital  visits  (mean  per  patient.  1.5  -  1.07). 
In  spite  of  the  cost  of  the  program,  cost  analysis  showed  a  total  saving  of 
8.1  million  pesetas  (S46.823)  in  the  HCP  group,  mainly  due  to  a  decrease 
in  the  use  of  hospital  resources.  There  was  no  difference  in  pulmonary 
function,  gas  exchange,  quality  of  life,  and  survival  between  the  two 
groups.  CONCLUSIONS:  Hospital-based  home  care  is  an  effective  al- 
ternative to  hospital  admission.  It  reduces  the  use  of  hospital  resources 
and  the  cost  of  health  care. 

Regular  Inhaled  Salbutamol:  Effect  On  .\invay  Responsiveness  to 
Methacholine  and  Adenosine  5"-Monophosphate  and  Tolerance  to 
Hninchoprotection — Jokic  R.  Swystun  VA.  Da\is  BE.  Cockcroft  DW. 
Chest  2001  Feb;ll9(2):370-375. 

OBJECTIVE:  Regular  treatment  with  inhaled  betai-agonists  increases 
airway  responsiveness  consistently  to  indirect  bronchoconstrictors  (aller- 
gen, exercise,  hypertonic  saline  solution,  etc)  and  inconsistently  to  direct 
bronchoconstrictors  (histamine,  methacholine).  Studies  demonstrating  tol- 
erance to  beta, -agonist  bronchoproteclion  against  the  indirect  broncho- 
constrictor  adenosine  5'-monophosphate  (.-WIP)  have  not  examined 
changes  in  baseline  AMP  responsiveness.  This  study  assessed  the  effect 
of  regular  salbutamol  on  ."WIP  and  methacholine  responsiveness  and  on 
tolerance  to  bronchoprotection.  DESIGN:  Double-blind,  randomized. 
crossover  study.  SETTING:  University  hospital  bronchoprovocation  lab- 
oratory. PATIENTS:  Fourteen  atopic  asthmatic  subjects  with  FEV,  > 
65%  predicted,  and  methacholine  provocative  concentration  causing  a 
20<7f  fall  in  FEV,  (PC,,,)  <  8  mg/mL.  INTERVENTIONS:  Salbutamol. 
100  microg.  and  placebo  inhalers,  two  puffs  qid.  each  for  10  days.  MEA- 
SUREMENTS: Methacholine  PC,,,  and  AMP  PC^„  measured  12  h  after 
blinded  inhaler  after  each  treatment  period.  Methacholine  PC,,,  and  AMP 
PC,,,  repeated  10  min  after  salbutamol,  200  microg  (eight  subjects). 
RESULTS:  There  was  no  difference  between  placebo  and  salbutamol 


treatment  in  geometric  mean  methacholine  PC,,,  (0.85  mg/mL  vs  0.82 
mg/mL.  p  =  0.86)  or  AMP  PC,,,  (22  mg/mL  vs  17.4  mg/mL.  p  =  0.21: 
n  =  14).  The  acute  bronchoprotective  effect  of  salbutamol  was  greater  vs. 
.^MP  than  vs  methacholine  (5.1  doubling  concentrations  vs.  3.5  doubling 
concentrations,  p  =  0.06)  and  loss  of  protective  effect  of  salbutamol 
(mean  i  SD)  was  greater  vs  AMP  than  vs.  methacholine  (2.4  ±  0.33 
doubling  concentration  loss  vs  0.8  :!:  0.21  doubling  concentration  loss, 
p  =  ().(M)8;  n  =  8).  CONCLUSION:  Regular  salbutamol  (mean  ±  SD) 
treatment  did  not  enhance  airway  responsiveness  to  either  the  indirect 
bronchoconstriclor  AMP  or  the  direct  bronchoconstrictor  methacholine. 
Compared  to  its  effect  on  methacholine.  salbutamol  had  a  greater  acute 
protective  effect  vs  AMP  and  produced  greater  loss  of  protection  vs  AMP 
when  used  regularly. 

Thoracic  Dimensions  at  Maximum  I.iin);  lnnali(m  in  Normal  Sub- 
jects and  in  Patients  with  Obstructi\e  and  Restrictive  lung  Diseas- 
es—Bellemare  JF.  Cordeau  MP.  Lebl.nic  P.  Bellemare  F.  Chest  2(K)1 
Feb:ll9(2):376-386. 

OBJECTIVES:  To  compare  the  distribution  of  lung  volume  at  total  lung 
capacity  (TLC)  among  adult  men  and  women  known  to  have  normal  lung 
function  or  chronic  obstructive  disease  or  restrictive  lung  disease  (RLD). 
DESIGN:  Five-year  retrospective  study.  SETTING:  Review  of  available 
clinical  pulmonary  function  testing  (PFT)  reports  and  chest  radiographs. 
PATIENTS:  Sixty-four  patients  presenting  with  normal  PFT  and  chest 
radiograph  findings  (normal  subjects).  26  patients  with  severe  COPD  and 
increased  TLC  (COPD  group).  29  patients  with  cystic  fibrosis  (CF)  and 
increased  TLC  (CF  group),  and  19  patients  with  RLD  with  a  clinical 
diagnosis  of  pulmonary  fibrosis  and  a  reduced  TLC  (RLD  group).  MEA- 
SUREMENTS: Average  posteroanterior  rib  cage  diameter  (PA,,,,,),  av- 
erage lateral  rib  cage  diameter  (LA^ve).  a"''  average  vertical  height  of  the 
diaphragm  (HDl,,^)  were  measured  using  radiography.  Normal  predic- 
tion equations  were  generated  based  on  stature,  body  mass  index  (BMI). 
age.  and  sex  as  independent  variables  and  then  used  in  betueen-group 
comparisons.  RESL'LTS:  PA„„  correlated  positively  with  BMI  and  age 
but  not  with  height,  whereas  LA„,,,.  correlated  positively  with  BMI  and 
height  but  not  with  age,  HDI„,  correlated  positively  with  height  and  age 
but  negatively  with  BMI,  PA^,.,  and  LA^,^.  were  smaller  and  HDI^,^.  was 
greater  in  women  than  men  ha\  ing  the  same  stature.  In  the  COPD  group 
and  in  male  CF  group  patients.  BMI  was  low  and  only  HDI„^  was  greater 
than  in  sex-,  age-,  and  height-matched  normal  subjects,  but  in  female  CF 
group  patients,  only  the  rib  cage  diameters  were  greater  than  normal.  In  the 
RLD  group.  PA,.^,  and  HDl^,^,  were  smaller  than  predicted  and  inversely 
related  to  each  other,  but  LA,,,^.  was  normal.  CONCLL'SION:  Variations  in 
maximum  lung  volume  caused  by  gender,  growth,  or  bv  lung  disea.ses  are 
nonisotropic  and  entail  substantial  changes  in  chest  wall  shape. 

Effects  of  Levodopa  on  Pulmonary  Function  in  Parkinson's  Dis- 
ease—Herer  B.  Arnulf  I.  Housset  B,  Chest  2001  Feb;l  19(2):387-393. 

STUDY  OBJECTIVES:  Upper-ainvay  obstruction  (U.^0)  may  be  present 
in  patients  with  Parkinson's  disease  (PD).  and  its  reversibility  after  levo- 
dopa  therapy  has  been  suggested.  To  investigate  the  effects  of  oral  intake 
of  lev  (idopa  on  pulmonary  function  and  U.AO  criteria  in  patients  with  PD. 
we  studied  22  patients  with  PD,  DESIGN:  Pulmonary  function  tests  were 
performed  after  a  1 2-h  withdrawal  of  levodopa  therapy,  and  1  h  after  oral 
intake  of  placebo  or  levodopa.  according  to  a  double-blind,  placebo- 
controlled,  crossover  study.  Six  UAO  criteria  were  recorded  to  detect 
UAO  in  patients.  UAO  was  found  in  5  of  2 1  patients  on  baseline  con- 
ditions ( 1  patient  could  not  perform  all  tests).  RESULTS:  Among  the 
patients  w ith  U.AO.  after  levodopa  therapy  three  of  five  patients  did  not 
meet  the  four  of  six  required  criteria  for  defining  UAO.  Levodopa  pro- 
duced its  effects  on  UAO  criteria  by  means  of  a  saw-tooth  pattern  im- 
provement and/or  a  decrease  below  the  defined  thresholds  of  the  peak 
inspiratory  flow  and  the  FEV|/peak  expiratory  flow  (PEF)  and  FEV,/ 
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forced  expiratory  How  alter  5(y^  ol  the  FVC  (FEV,,,)  ratios.  Levodopa 
PF.F  increased  h>  0.85  Us  in  palienls  with  UAO  and  by  0.24  Us  in 
patients  wiihoul  V.\0.  while  alter  placebo  il  increased  by  0.03  L/s  in 
patients  wiih  I'.AO  and  decreased  by  0.16  Us  in  palienls  wiihoul  UAO 
(p  =  0.02).  Whereas  in  palienls  wiihoul  L'AO  an  increase  ol  ihe  FF.V,/ 
PEF  and  FEV, /FEV,,,  ralios  was  observed  alter  placebo  and  le\od<ipa 
intake,  these  ratios  decreased  alter  levodopa  and  increased  alter  placebo 
in  palienls  with  UAO.  CONCLUSIONS:  These  results  show  ihal  levo- 
dopa administration  in  palienls  with  PD  induces  significanl  varialions  in 
PEF  and  UAO  ralios  (FEV,/PEF  and  FEV,/FEV„,». 

IVrl'ormaiice  of  Nasal  Prmius  in  Sleep  Studies:  Spectrum  of  Klow- 
Keluled  Events— lleriiunde/  L,  Ballcsler  E.  Farre  R.  Badia  JR.  Lobelo 
R.  Navajas  D.  Monlserrat  JM,  Chesi  2001  Feb: 1 19(21:442-450. 

OBJECTIVES:  The  use  of  nasal  prongs  connected  to  a  pressure  trans- 
ducer is  a  noninvasive,  sensitive  method  lo  delecl  respiratory  events,  and 
can  be  easily  implemenled  in  routine  sleep  suidies.  Moreover,  ils  good 
lime  response  allows  ihe  deleclion  of  several  How -relaled  phenomena  of 
high  inleresl.  in  addition  to  apnea  and  hypopnea.  The  aims  of  Ihe  study 
were  to  examine  ihe  qualitv  and  performance  of  the  nasal  prong  How 
signal,  and  lo  describe  oilier  How -related  events  during  full-night  poly- 
somnography studies.  METHODS:  Twenty-seven  subjects  were  studied 
(16  male  subjects;  mean  ±  SD  age.  49  ±  14  years:  mean  body  mass 
index.  27  ±  4  kg/m"):  15  subjects  recruited  from  the  general  population 
and  12  consecutive  palienls  with  suspected  sleep  apnea/tiypopnea  syn- 
drome (SAHSl.  RESULTS:  A  hlmd  analysis  of  the  respiralory  events 
detected  both  by  nasal  prongs  and  thermistor  was  done.  The  quality  of  the 
nasal  prong  signal  recordings  was  considered  optimal  for  scoring  pur- 
poses in  TS'/r  of  cases,  and  no  recording  was  considered  uninicrpreiaMc. 
The  nasal  prong  signal  detected  additional  How-related  events  not  ob- 
served by  the  thermistor:  (I)  short  and  long  (>  2  min)  periods  of  in- 
spiratory How  limitation  morphology  without  decrease  in  the  amplitude 
of  the  signal:  (2)  periods  of  mouth  expiration:  and  (3)  snoring.  The 
apnea/hvpopnea  index  was  significantly  higher  with  the  nasal  prong  scor- 
ing I IX  vs  1 1  Ip  <  0.051  in  Ihe  general  population  and  37  vs  27  |p  < 
0.(X)I1  in  the  group  with  suspected  SAHS).  CONCLUSIONS:  The  in- 
corporation of  nasal  prongs  in  routine  full-night  studies  is  an  attainable 
technical  option  that  pro\  ides  adequate  recordings  in  most  cases.  .Addi- 
tionally, relevant  information  not  scored  by  thermistors  is  obtained  on 
flow-related  respiratory  events,  thus  increasing  diagnostic  accuracy. 

Brealh-lc)-Hrtath  Nariabilily  Correlales  with  .\pnea-Hjpopnea  In- 
dex in  t)bstructi>e  Sleep  Apnea — Kowallik  P.  Jacohi  1.  Jirnumn  .A. 
Meesmann  M,  Schmidt  M.  Wirt/  H.  Chest  2001  Feb:l  19(2 »:45 1-459. 

BACKGROUND:  Breathing  in  patients  with  obstructive  sleep  apnea 
(OSA)  is  frequently  interrupted  by  periods  of  hypopnea  and  apnea.  There 
is  limited  information  regarding  a  possible  disturbance  of  breathing  out- 
side these  periods.  STUDY  OBJECTIVE:  To  analyze  the  degree  of  breath- 
ing disturbance  during  nonocclusion.  DESIGN:  Prospective  determina- 
tion of  breathing  \  ariability  during  full  poly  somnographic  sleep  studies. 
P.ATIENTS:  Breath-to-brealh  \ariation  was  monitored  in  34  patients  with 
OSA  and  in  9  healthy  subjects.  MEASUREMEN  IS  AND  RESULTS: 
All  breath-to-brealh  inlenals  were  automatically  analyzed  from  How 
signal,  displayed,  and  manually  corrected  for  anifacts.  Distribution  of  all 
nonapneic  breath  intervals  was  analyzed  for  the  extent  of  difference  from 
a  normal  distribution  pattern  by  specifying  kunosis.  In  untreated  OSA 
patients,  kunosis  was  significantly  reduced  (0.0  ±  0.5.  mean  ±  SDl 
compared  to  control  subjects  (0.8  ~  0.5).  indicating  increased  variability 
of  nonoccluded  breathing  This  effect  was  present  in  all  sleep  stages,  and 
the  extent  depended  significantly  on  the  degree  of  disease.  Continuous 
positive  airway  pressure  breathing  was  able  to  normalize  kunosis  ( 1.0  ± 
0.9)  immediately.  CO.NCLUSIONS:  Breathing  in  OSA  is  not  only  char- 
acterized by  inlerruptions  of  breathing  during  occlusion,  bin  by  a  greater 
variation  in  the  pattern  of  normal-length  breaths. 
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Editorials 


New  International  Guidelines 
for  Chronie  Obstructive  Pulmonary  Disease 


The  Global  liiiiiaii\c  for  Chronic  ObstnicliVL'  Lung  Dis- 
ease (GOLD)  is  an  iiilernationai  project  with  the  goals  of 
increasing  awareness  ot'chronic  obstructive  pulmonary  dis- 
ease (COPD)  and  decreasing  morbidity  and  mortality  trom 
this  disease  worldwide.'  Co-sponsored  by  the  National 
Heart.  Lung,  and  Blood  Institute  of  the  United  States  Na- 
tional Institutes  of  Health  and  the  World  Health  Organi- 
zation, the  GOLD  project  was  supported  financially  through 
educational  grants  from  17  corporations,  including  the  ma- 
jor pharmaceutical  companies  with  interests  in  obstructive 
lung  disease. 

GOLD  is  an  ambitious  project  that  will  take  se\eral 
years  to  complete.  Starting  this  spring,  its  Web  site  (http:// 
www.goldcopd.com)  has  posted  several  documents,  among 
which  is  the  Executixe  Summary  reprinted  in  this  issue  of 
R[;spiRATOR'i  C\w.  Other  resources  a\ailable  at  the  GOLD 
Web  site,  all  in  the  public  domain,  include  the  full  GOLD 
Workshop  Report  (136  pages),  a  74-slide  downloadable 
teaching  slide  set  co\ering  the  material  in  the  Executive 
Summary,  and  a  set  of  charts  with  instructions  for  using  all 
the  currently  available  inhalers  and  spacers  for  broncho- 
dilator  and  corticosteroid  therapy. 

The  GOLD  Executive  Summary  first  covers  the  diag- 
nosis and  staging  of  COPD  and  then  discusses  its  epide- 
miology, economic  and  social  burden,  and  risk  factors. 
Most  of  the  report  is  then  devoted  to  4  components  of 
COPD  management:  assessment  and  monitoring  of  disease, 
reduction  of  risk  factors,  management  of  stable  disease. 
and  management  of  acute  exacerbations.  The  document 
concludes  by  identifying  several  important  areas  for  future 
research. 

As  the  product  of  an  international  collaborative  effort. 
GOLD  contains  a  few  elements  that  may  be  relatively  new 
to  United  States  clinicians,  although  its  recommendations 
should  be  applicable  to  practice  throughout  the  world.  It 
differs  in  a  number  of  respects  from  the  primary  COPD 
management  standard  used  until  now  in  North  America, 
that  of  the  American  Thoracic  Society  (ATS)  published  in 
1995.-  Most  of  the  differences  reflect  the  evolution  o\'  our 
knowledge  in  various  aspects  of  COPD.  although  some 
differences  are  controversial  and  imph  changes  in  assess- 
ment and  maiiagcnienl  with  substantial  potential  impacl  on 
the  economics  of  managing  this  disorder.  1  will  highlight 
a  few  of  the  more  notable  features  of  the  new  iiuidelines. 


Making  the  diagnosis  of  COPD,  according  to  GOLD. 
relies  on  spirometry,  following  administration  of  inhaled 
bronchodilator.  to  identify  incompletely  reversible  airtlow 
limitation.  Classification  of  COPD  patients  according  to 
disease  severity  differs  to  a  minor  degree  from  the  scheme 
used  in  the  ATS  Standards.-  The  ATS  guidelines  do  not 
define  airflow  limitation  in  terms  of  a  fixed  ratio  of  forced 
expiratory  volume  in  the  first  second  (FEV,)  to  forced 
vital  capacity.  According  to  the  ATS  standards.  COPD 
patients  are  in  Stage  1  when  FEV,  is  >  SO'/r  of  the  pre- 
dicted value,  in  Stage  II  when  FEV,  is  between  35  and 
49'7f  of  predicted,  and  in  Stage  111  when  FEV,  is  <  35% 
of  predicted.  The  ATS  staging  system  is  based  solely  on 
airflow  limitation,  w  ith  hypoxemia  and  right  heart  failure 
considered  separately,  while  the  new  GOLD  system  (Ta- 
ble I )  incorporates  all  3  of  these  elements. 

In  the  GOLD  system,  even  patients  with  moderate  air- 
flow limitation  are  classified  as  Stage  III  if  they  have 
hypoxemia  or  signs  of  right  heart  failure.  Arterial  partial 
pressure  of  carbon  dioxide  is  not  used  in  staging. 

GOLD  is  appearing  in  an  era  of  evidence-based  medi- 
cine and  specifies  the  strength  of  the  evidence  supporting 
many  of  its  recommendations.  Table  2  summarizes  the 
areas  in  COPD  management  in  which  the  GOLD  authors 
classify  the  available  evidence  as  at  the  highest  level. 

New  since  release  of  the  ATS  standards  is  the  recom- 
mendation for  use  of  combinations  of  bronchodilators  from 
different  clas.ses,  such  as  albuterol  plus  ipratropium  or 
theophylline.'  The  long-acting  |3-agonist  inhaled  broncho- 
dilator salmeterol  had  just  been  introduced  in  the  United 
States  when  the  ATS  standards  were  published:  as  GOLD 
appears  it  is  being  joined  in  this  country  by  formoterol. 
another  long-acting  agent.  GOLD  has  incorporated  long- 
acting  /3  agonists  into  its  management  recommendations 
for  stable  patients,  citing  level  "B""  evidence  from  a  study 
showing  improved  health  status  in  COPD  patients  treated 
regularly  with  salmeterol.' 

The  biggest  change  in  the  new  recommendations  relates 
to  the  use  of  coiticosteroids.  For  acute  exacerbations,  GOLD 
recommends  short-term  administration  of  prednisone  or 
other  (preferably  oral)  systemic  corticosteroid  as  primary 
therapv .  While  this  recommendation  is  consistent  w  ith  the 
practice  of  most  clinicians,  the  stance  taken  toward  corti- 
costeroid use  in  clinically  stable  patients  fuels  an  already 
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Table  I .      Cbssilkalion  of  COPD  by  Scvcrily 


Stage  0;  At  Risk 

Stage  I:  Mild  COPO 

Stage  II:  Moderate  COPD 

Stage  IIA; 
Stage  I  IB: 
Stage  III:  Severe  COPD 


Symptoms 
Normal  FE' 
FEV,/FVC  <  TO"^ 
FEV,  >  80%  of  predicted 

FEV,/Fvc  <  nm 

FEV,  <  »0'i  of  predicted 

FEV,  50-79%  of  predicted 

FEV,  30-49%  of  predicted 

FEV|/FVC  <  70% 

FEV ,  <  30' ;  of  predicted  nr 

P„o;  <  60  mm  Hg  or 

Clinical  signs  of  right  heart  failure 


COPD  =  clironic  obstniciivc  ptjlmonar>'  disease 
I^V,  ~  forced  expinilor>  volume  m  Ihe  firsc  second 
FVC  =  forced  vital  cjpjcilv 
P^»,  =  artenal  panial  pa-sxure  of  oxvpcn 


established  controversy.-'-'^  The  ATS  standards  state  that 
perhaps  20-300;  of  stable  patients  improve  with  long- 
term  oral  corticosteroid  therapy  but  caution  that  this  should 
not  be  underlaiscn  unless  objective  (presumably  spiromet- 
ric)  improvement  has  been  docinnented.-  The  new  guide- 
lines ad\ise  against  long-term  use  of  oral  ct)rticosteroids  in 
COPD  patients,  citing  level  "A"  evidence  that  such  use  is 
unacceptabK  hazardous. ' 

The  ATS  standards  do  not  recommend  the  use  of  m- 
haled  corticosteroids  in  non-asthmatic  COPD  patients,  stat- 
ing that  "Adding  an  inhaled  steroid  to  a  regimen  that  in- 
cludes regular  aerosol  therapy  with  ipratropium  and  a  li 
agonist  results  in  the  probability  of  noncompliance  being 
increased.'"-  However,  the  new  GOLD  guidelines  recom- 
mend inhaled  corticosteroid  therapy  for  many  COPD  pa- 
tients; those  with  a  \5'/r  increase  in  FEV,  (at  least  200 
ml. I  with  6-12  weeks  of  inhaled  corticosteroid  therapy, 
and  those  with  FEV,  <509'f  of  predicted  and  frequent 
acute  exacerbations.  What  is  meant  by  "frequent"  acute 
exacerbations  is  not  specified.  GOLD  discounts  previous 
studies  suggesting  that  steroid-responsive  patients  can  be 
identified  using  a  short  therapeutic  trial  of  prednisone  and 
cites  evidence  that  such  a  trial  is  a  poor  predictor  of  the 
long-term  response  to  inhaled  cortict)steroids." " 

The  recoinmendation  that  inhaled  corticosteri)ids  be 
widely  used  in  treating  COPD  patients  is  based  mainh  on 
the  results  of  the  ISOLDE  (Inhaled  Steroids  in  Obstructive 
Lung  Disease)  study,  a  large-scale  European  study  com- 
paring inhaled  fluticasone  (500  fig  twice  daily)  to  placebo 
in  patients  with  moderate  to  severe  COPD.''  Like  3  other 
recently-published  multicenter  clinical  trials  in  patients 
with  less  severe  COPD.''  '"  the  ISOLDE  study  found  that 
inhaled  corticosteroid  use  did  not  affect  the  decline  of  lung 
function."  However.  ISOLDE  documented  that  the  fre- 


quency of  acute  exacerbations  was  reduced  and  thai  qual- 
ity of  life,  as  assessed  by  the  St  George's  Respiratory 
Questionnaire."  declined  less  rapidly  in  the  inhaled  ste- 
roid-treated patients.  Specifically,  acute  exacerbations  (de- 
fined as  episodes  for  which  the  patients'  primary  physi- 
cians prescribed  a  course  of  antibiotics  or  oral 
corticosteroids)  were  0.9y/yr  in  the  fluticasone  group,  ver- 
sus 1 .32/yr  in  the  placebo  group,  a  reduction  of  25%  (p  = 
0.026)." 

In  the  ISOLDE  study,  the  patients'  mean  decline  in 
health  status  during  the  36  months  of  the  study  (mainly 
because  of  the  difference  in  acute  exacerbations)  was  from 
a  score  of  48  to  a  score  of  53  units  on  the  St  George's 
Respiratory  Questionnaire  in  the  lluticasone-treated  pa- 


Table  2.      Elements  of  COPD  Management  that  are  Supported  by 
Level  "A"  Evidence* 

Management  of  Stable  COPD 
Smoking  cessation  (all  patients) 

General  (both  effective  and  cost-effective) 

Brief  tobacco  dependence  treatment 

Practical  counseling 

Social  support  as  part  of  treatment 

Social  support  arranged  outside  of  treatment 

Nicotine  replacement  therapy 

Adjunctive  agents  ibupri)pion,  nortriptyline) 
Health  education  (all  patients) 

Self-management  skills 

Coping  ability 

Health  status 
Bronchodilators  (for  symptom  management) 

/3  agonists 

Anticholinergics 

Theophylline 

Combinations 
Exercise  training  programs  (all  stages  of  disease) 

Exercise  tolerance 

Dyspnea 

Fatigue 
Long-term  oxygen  therapy  (increases  survival  in  selected  patients) 

Managemenl  of  acute  exacerbations 
BronchodiUilor  therapy  (all  patients) 

Inhaled  bronchodilators  (short-acting  P  agonists,  anticholinergics) 

Theophylline 
Systemic  corticosteroids  (all  patients) 
Noninvasive  positive  pressure  ventilation  (hospitalized  patients) 

Improved  arterial  blood  gases 

Decreased  need  lor  mtubalion  and  invasive  mechanical  ventilation 

Decreased  in-hospital  mortality 

Decreased  hospital  length  of  stay 


COPD  =  chronic  obslruclivc  pulmonar>  discave 

•Level  "A"  evidence:  Consislenl  evidence,  in  large  numl>ers  of  patients,  fium  randomized 
controlled  trials  using  relevant  end  piunts  in  the  target  patient  population.  (Adapted  from 
Reference  II 
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ticnls  (higher  seines  mean  vvorse  healih  siaius).  as  eom- 
pared  to  changes  in  mean  scores  from  50  to  56  units  in  the 
placebo-treated  patients."  A  change  in  total  score  ot  4  m- 
more  units  represents  a  clinically  important  change  m  the 
patient's  condition.'-  Thus,  at  the  reported  rate  of  decline, 
patients  receiving  fluticasone  would  he  expected  to  reach 
a  clinically  deteetahle  change  in  health  status  on  average  9 
months  later  than  patients  receiving  placebo  (after  24  vs 
15  months  of  therapy).  Although  statistically  significant, 
the  clinical  relevance  of  these  differences  has  been  called 
into  question.^ 

The  long-tenn  safety  of  inhaled  corticosteroids  is  still 
unclear,  particularly  in  middle-aged  and  elderly  individu- 
als and  at  the  high  doses  used  in  the  ISOLDE"  and  Lung 
Health  studies.'"  The  Lung  Health  study,  which  used  tri- 
amcint)lone.  found  statistically  significant  decreases  in  bone 
density  (both  lumbar  spine  and  femur)  during  the  40-month 
study  in  the  inhaled  corticosteroid-treated  patients,  as  com- 
pared to  patients  on  placebo.'" 

Another  meaning  of  the  word  "gold"  can  be  applied  to 
the  new  guidelines  when  it  comes  to  inhaled  corticoste- 
roids, as  the  cost  implications  of  the  recommendations  are 
staggering.  As  of  June  1.  2001.  at  the  outpatient  pharmacy 
of  the  hospital  at  w  hich  1  practice,  the  cost  to  the  patient  of 
fluticasone,  two  220  fxg  puffs  via  metered-dose  inhaler 
twice  daily  (which  is  \29r  less  than  the  dose  used  in  the 
ISOLDE  study)  is  $87.95  per  month,  or  approximately 
$1,000  per  year.  A  main  outcome  benefit  from  the  ISOLDE 
study,  on  which  the  GOLD  recommendations  are  based, 
was  a  mean  decrease  of  0.33  acute  exacerbations  per  pa- 
tient-year, as  compared  to  placebo."  This  means  that,  if  an 
average  patient  from  that  study  were  being  managed  at  my 
hospital,  it  would  take  3  years  and  $3,000  worth  of  fluti- 
casone to  prevent  one  acute  exacerbation  requiring  treat- 
ment with  prednisone  or  antibiotics. 

This  is  not  to  disparage  the  design  or  reporting  of  the 
ISOLDE  study,  nor  the  recommendations  of  the  GOLD 
Scientific  Committee,  but  to  call  attention  to  the  costs 
involved  and  the  relative  magnitude  of  the  benefits  that 
may  be  realized  by  widespread  use  of  inhaled  corticoste- 
roids in  COPD  patients.  The  horse  is  already  out  of  the 
bam,  of  course,  because  inhaled  corticosteroids  are  al- 
ready widely  prescribed  for  COPD  in  the  United  States — to 
the  tune  of  millions  of  prescriptions  annually.  However 
one  interprets  the  results  of  the  ISOLDE  study  and  other 
available  data  on  inhaled  corticosteroids  in  COPD.  cost 
considerations  highlight  the  importance  of  smoking  ces- 
sation and  other  interventions  in  the  huge  number  of  early 
COPD  cases,  in  order  to  prevent  or  delay  progression  to 
stages  in  which  quality  of  life  declines  sharply  and  med- 
ication costs  rise,  with  less  potential  gain  from  therapy. 

The  GOLD  Workshop  Report  mentions  advance  direc- 
tives and  end-of-life  planning"  only  in  passing,  and  it 
does  not  di.scuss  the  terminal  management  of  COPD  pa- 


tients. In  tact,  the  guidelines  state  that  narcotics  are  con- 
traindicated  in  patients  with  COPD,  because  of  their  re- 
spiratt)ry  depressant  effects,  without  mentioning  the 
imptirlant  role  narcotics  play  in  the  palliation  of  dyspnea 
for  the  patient  dying  of  COPD. '^  Palliative  care  is  assum- 
ing an  increasing  role  in  the  management  of  patients  with 
chronic  respiratory  disease,'^  and  one  can  only  hope  that 
guidance  for  clinicians  in  this  important  area  of  COPD 
management  is  added  in  the  future. 

These  issues  notwithstanding,  the  new  guidelines  are 
clinically  relevant,  practical,  and  clearly  written.  Because 
of  the  enormous  burden  of  COPD  in  our  society  and  its 
increasing  importance  in  our  aging  population,  the  GOLD 
Executive  Summary  and  its  associated  documents  and 
teaching  materials  are  important  documents  for  clinicians. 
Their  dissemination  and  implementation  should  beneflt  our 
patients,  facilitate  teaching,  and  stimulate  much  needed 
additional  research  in  the  care  of  COPD. 

David  J  Pierson  MD  FAARC 

Editor  in  Chief,  Rhspiratok'i  Cakh 

Division  of  Pulmonary  and  Critical  Care  Medicine 

Department  of  Medicine 

Harborview  Medical  Center 

University  of  Washington 

Seattle,  Washinsiton 
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Weaiiing  Children  from  MechcUiical  Ventilation:  A  Prospective  Rcindomized 
Trial  of  Protocol-Directed  Versus  Physician-Directed  Weaning 

Theresa  Ryan  Schiilt/  RN  RRT,  Richard  J  Lin  MD.  H  Marc  Wat/man  MD, 

Suzanne  M  Durning  RRT.  Roberta  Hales  RRT,  Amelia  Woodson  RN,  Barbara  Francis  RRT, 

Lisa  Tyler  RRT.  Linda  Napoh  RRT  RPFT.  and  Rodolfo  I  Godinez  MD  PhD 

OBJECTIVE:  Compare  outcomes  between  physician-directed  and  protocol-directed  weaning  from 
mechanical  ventilation  in  pediatric  patients.  I)KSK;N:  Prospective-randomized.  SETTING:  Pediatric 
and  cardiac  intensive  care  units  in  a  307-bed  tertiary  referral  hospital  for  children.  INTERVENTIONS: 
The  control  group  (physician-directed)  was  weaned  according  to  individual  physician  order  for  reduc- 
tion in  minute  \entilation,  positive  end-expiratory  pressure,  and  ordered  oxygen  saturation  parameters 
for  reduction  in  fraction  of  inspired  oxygen  (K,,,  ).  The  study  group  (protocol-directed)  was  weaned 
according  to  a  predetermined  algorithm  developed  for  the  purpose  of  this  investigation.  METHOD.S: 
The  study  enrolled  223  patients  ( 1 16  physician-directed.  107  protocol-directed).  All  patients  were  mon- 
itored for  hemodynamics,  \entilator  parameters,  arterial  blood  gas  >alues  when  available,  oxygen 
saturation,  weaning  time,  pre-weaning  time,  extubation  time,  and  time  on  F|q  s  0.40.  We  also  moni- 
tored the  incidence  of  reintubation,  subglottic  stenosis,  tracheitis,  and  pneumonia.  The  protocol-directed 
group  had  additional  measurements  of  actual  versus  predicted  minute  volume,  comparisons  of  respi- 
ratory rate  (actual  versus  predicted  for  age),  and  presence  of  spontaneous  breathing  effort  for  10 
consecutive  minutes.  Data  analysis  was  done  according  to  intent  to  treat.  RESULTS:  There  was  no 
significant  diflerence  in  12-hour  and  24-hour  pediatric  risk  of  mortality  (PRISM  III)  scores  between 
groups.  The  protocol-directed  group  overall  had  shorter  total  ventilation  time,  weaning  time,  pre- 
weaning  time,  time  to  extubation,  and  time  on  F,,,  >  0.40,  although  after  stratification  for  respiratory 
diagnosis,  only  the  difference  in  weaning  time  remained  significant.  There  v\as  no  difference  in  the 
incidence  of  reintubation,  new-onset  tracheitis,  subglottic  stenosis,  or  pneumonia.  CONCLUSIONS: 
Protocol-directed  weaning  resulted  in  a  shorter  weaning  time  than  physician-directed  weaning  in  these 
pediatric  patients.  Key  words:  mcclmnical  vcntilaiion,  pressure  support,  synchronized  inierniitieni  manda- 
tory ventilation.  SIMV,  minute  ventilation,  protocol-directed  weaning,  physician-directed  weaning,  pediatric 
mechanical  ventilation.    (Respir  Care  2001:46(8):772-782] 


Introduction 


Theresa  Ryan  Schultz  RN  RRT,  Richard  J  Lin  MD,  Suzanne  M  Durning 
RRT,  Roberta  Hales  RRT,  Arnelta  Woodson  RN,  Barbara  Francis  RRT. 
Lisa  Tyler  RRT,  Linda  Napoli  RRT  RPHT,  and  Rodollo  I  Godine/  MD 
PhD  are  alTiliated  with  The  Children's  Hospital  of  Philadelphia,  Phila- 
delphia. Pennsylvania.  H  Marc  Wat/man  MD  was  alTiliated  with  The 
Children's  Hospital  of  Philadelphia  at  the  time  of  this  study,  but  is  now 
with  the  Department  of  Anesthesia  and  Critical  Care.  The  Pritzkcr  School 
of  Medicine.  University  of  Chicago.  Chicago.  Illinois. 
Preliminary  versions  of  this  paper  were  presented  by  Theresa  Ryan  Schult/ 
RN  RRT  at  the  4.'>th  International  Respiratory  Congress  of  the  American 
AssfK'iation  for  Respiratory  Care,  December  l.'l-lb,  I'Wy,  Las  Vegas, 
Nevada,  and  by  H  Marc  Wal/.man  MD  at  the  annual  meeting  of  the 
Society  for  Critical  Care  Medicine,  February  12.  2()()(),  Orlando,  Florida. 
Correspondence:  Theresa  Ryan  Schultz  RN  RRT.  The  Children's  Hos- 
pital of  Philadelphia,  .14th  Street  and  Civic  Center  Boulevard.  Philadel- 
phia PA  iy|04-4.1W.  F.-mail:  schull/@email.chop.edu. 


The  need  to  efficiently  care  for  patients  in  an  environ- 
ment in  which  supply  and  demand  for  health  care  services 
are  ever-changing  has  inspired  the  implementation  of  pro- 
tocols. Mechanical  ventilation  is  a  high-\  tilume  process  in 
inlensi\e  care  and  thus  can  be  ett'icionily  conducted  by 
protocol.  Mechanical  \entihition  can  be  a  critical  compo- 
nent in  postoperali\e  care  as  well  as  in  the  management  of 
respirator),  circulaloiy.  metabolic,  and  neurologic  failure. 
Weaning  from  mcchaincal  \cniilaiioi)  is  the  transition  to 
self-sufficient  rcspiraltiry  function  during  recovery,  and 
can  account  for  as  much  as  4()'/r  of  the  time  that  a  patient 
receives  mechanical  ventilation,'  Traditionally,  this  pro- 
cess has  required  physicians  to  use  weaning  strategies  and 
to  be  physically  present  to  closely  tnonilor  how  the  patient 
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tolerates  ihe  ivtluelion  ot   \eiUil.iliM\   suppmi    llouever. 
several  metticieneies  e\isl  in  llial  s\siem 

Recovery  ot  respiratory  limction,  either  liom  resolution 
of  post-anesthetic  effect  or  from  treatment  of  orj;an  system 
failure,  is  often  not  predictable.  Physicians  may  not  he 
availahle  to  begin  ueaniiiiz  \entilatory  support  when  the 
patient  is  ready.  Also,  the  weaning  process  is  fieiiiientK 
based  on  subjective  assessments  of  how  a  patient  is  tolei 
ating  decreases  in  mechanical  ventilation,  rather  than  on 
objecti\e  assessments. 

Delay  in  weaning  from  mechanical  \eniilation  mas  leail 
to  unnecessary  discomfort  for  the  mtiihated  patient,  in- 
creased costs  associated  with  unnecessary  resource  use. 
and  increased  risk  of  complications  related  to  mtiihation 
and  mechanical  \entilation.  These  risks  can  include  airw ay 
complications  such  as  \ocal  cord  paralysis,  subglottic  ste- 
nosis, and  tracheitis;  and  parenchymal  complications  such 
as  \entilator-associaled  pneumonia,  ventilator-induced 
lung  injury,  and  pneumotht)races.  Patients  requiring  pro- 
longed mechanical  ventilation  have  a  lower  survival  rate. 
Kollef  et  al  suggest  that  reducing  the  duration  of  \entila- 
tory  support  may  imprt)ve  patient  outcomes,  possibly  by 
reducing  the  occurrence  of  nosocomial  infections  and  sys- 
temic complications- 
Weaning  patients  from  mechanical  ventilation  imolves 
decreasing  the  lev  el  of  ventilatory  support  and  challenging 
the  patient's  work  of  breathing.  Weaning  modes  commonly 
used  include  synchronized  intermittent  mandatory  venti- 
lation (SIMV),  pressure-support  ventilation  (PSV).  contin- 
uous positive  airw  ay  pressure,  and  T-piece.'  ■*  Though  most 
mechanical  ventilation  techniques  use  intennittent  manda- 
tory ventilation,  specific  v\'eaning  strategies  are  usually 
derived  from  clinician  preferences  rather  than  scientifi- 
cally proven  methodologies.' 

Recent  investigations  have  compared  outcomes  of  phy- 
sician-directed weaning  with  those  of  protocol-directed 
weaning  programs.  In  several  large  studies  invoh ing  adult 
intensive  care  unit  (ICU)  patients  receiving  mechanical 
ventilation,  protocol-directed  weaning  was  shown  to  be 
superior  to  physician-directed  weaning  in  the  reduction  of 
total  mechanical  ventilation  time  and  shorter  total  hospital 


costs  per  patient. 


.Some  studies  have  shown  shorter 


mechanical  ventilation  time  and  total  hospital  time  in  pa- 
tients receiving  protocol-directed  weaning  using  P.SV  than 
in  those  receiving  either  physician-directed  weaning  or 
protocol-directed  weaning  with  iither  mechanical  ventila- 
tion modalities.''-'  However,  none  of  those  studies  included 
pediatric  patients. 

The  purpose  of  our  study  was  to  compare  the  outcomes 
of  traditional  physician-directed  weaning  versus  a  proto- 
col-directed strategy  in  pediatric  patients.  Our  protocol 
uses  PSV  weaning,  since  the  literature  suggests  its  supe- 
riority over  other  weaning  modes.'"-'-"  For  purposes  of 
standardization,  we  also  developed  weaning  eml  points 


that  are  similai  in  evtubation  criteria  in  accepted  ICU  prac- 
tice and  we.ming  parameters  supported  in  the  literature. '•* 

Methods 

A  prospective,  randomized,  controlled  study  was  ap- 
proved by  the  insiiiuiional  rev  iew  board  at  The  Children's 
Hospital  cil  I'hiladelphia.  Patients  were  enrolled  from  our 
.^!S-bed  pediatric  intensive  care  unit  (PiCU)  and  20-bed 
cardiac  intensive  care  unit  (C'IC'U)  over  a  2-year  pericxi. 
Documentation  of  verbal  informed  consent  was  obtained 
from  each  child's  parent/guardian  on  enrollment.  All  ad- 
mitted patients  who  required  intubation  and  mechanical 
ventilation  were  eligible  for  the  study.  Patients  were  ex- 
cluded if  they  had  central  apnea,  required  chronic  mechan- 
ical ventilation,  or  met  criteria  for  brain  death.  ICU  ther- 
apists identified  and  enrolled  patients  Monday  through 
Friday  only,  even  though  weaning  of  enrolled  patients 
could  begin  at  any  time. 

Patients  were  assigned  by  computer-generated  random- 
ization to  either  a  control  group,  which  received  physician- 
directed  (PllYl  weaning,  or  a  study  group,  which  received 
protocol-directed  (PRO)  weaning.  The  enrollment  and  ran- 
domization occurred  at  the  onset  of  mechanical  ventilation 
or  on  admission  to  our  institution  if  mechanical  ventilation 
w  as  initiated  prior  to  admission.  Figure  1  depicts  the  study 
flow.  Numbered  study  packets,  including  the  data  collection 
to(-ils.  were  assembled  and  av ailablc.  A  label  was  taped  to  the 
ventilator  on  enrollment  to  indicate  group  assignment. 

The  ICU  phvsicians  were  responsible  for  all  ventilator 
orders,  which  included  "Fio^  (fraction  of  inspired  oxygen) 
to  maintain  specified  Spo,  (oxygen  saturation  measured  by 
pulse  oximetrv)"  for  both  groups,  "initiate  weaning  pro- 
tocol" for  the  PRO  group,  and  individualized  ventilator 
parameter  adjustment  orders  for  the  PHY  group.  For  PRO 
group  patients,  evaluation  of  patient  readiness  to  wean. 
ongoing  ventilator  parameter  changes  within  the  protocol, 
and  subsequent  evaluation  of  patient  toleration  was  the 
responsibility  of  Ihe  ICU  respiratory  therapist  (RT).  Within 
the  PH\'  group,  physician-ordered  changes  in  minute  ven- 
tilation ( Vp),  positive  end-expiratory  pressure  (PEEP),  and 
mode  were  implemented  by  the  ICU  therapist.  In  both 
groups  the  ICU  therapist  and  the  bedside  nurse  made  F^,, 
changes  based  on  pre-established  Sp„,  parameters. 

Physician-Directed  Weaning 

Patients  in  the  PHY  group  received  physician-directed 
weaning,  which  is  the  standard  of  care  in  our  institution. 
The  onset  and  course  of  weaning  were  determined  by  phy- 
sicians at  the  attending  or  fellow  level.  These  patients  were 
weaned  according  to  individual  physician  preference.  Be- 
cause these  physician  preferences  are  unpredictable  and 
include  variations  not  onlv  in  method  of  weaning  but  also 
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Ventilator      ^^ 

No-H  management  per  j 

\standard  of  cargy 


Randomize  weaning 
assignment 


Ventilate  as  per 
physician  orders 


Protocol  Directed 


Ventilate  per 
physician  orders 


Fig.  1.  Patient  ventilator  management  in  protocol-directed  and  physician-directed  groups.  PS  =  pressure  support. 
PEEP  =  positive  end-expiratory  pressure.  IMV  -   intermittent  mandatory  ventilation.  MD  =  physician. 
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in  ilcicmiinaiion  ol  readiness  to  wean,  there  were  no  pre- 
determined eriteria  tor  weaning  initiation  used  lor  the  eon 
troi  group.  For  eoniparison  with  the  PRO  group,  the  nii 
tiation  of  weaning  was  defined  as  the  time  when  a  reduetioii 
of  set  V|:  was  made  in  the  presenee  of  normoventihition 
(pH  7.35-7.45).  Physician-direeted  weaning  oeeurred  at 
any  time  of  day  or  night. 

Protocol-Directed  Weaning 

Patients  ui  the  PRO  group  were  weaned  aeeorduig  to  an 
algorithm  de\eloped  speeifiealls  for  the  purpose  of  this 
in\estigation  (f-'ig.  2).  Prior  to  weaning  a  patient  in  this 
group,  the  nurse  or  respiratoi^-  therapist  (RT)  recorded 
arterial  partial  pressure  of  oxygen  (when  available).  F,,,. 
Spo,-  PEhP.  and  respiratory  frequency  per  minute  (/)  every 
hour.  The  RT  initiated  weaning  when  patients  met  the 
following  criteria: 

■  F,o,  ^  0.6 

■  PEEP  <  8  em  H.O 

•  Total/(patient  plus  ventilator)  ^  1.5  times  the  predicted 
value  for  age.  using  the  mean  value 

■  Ratio  of  actual  to  predicted  Vj.  <  2 

•  pH  S  7.35  (when  arterial  hlood  gas  measurement  was 
available) 

•  So,  within  the  limits  established  lor  that  patient  b>  the 
fellow  or  attending  physician 

•  A  chart  indicating  predicted  V,    and  mean  /  data  was 
provided  to  the  RTs  by  the  investigators 

Once  the  patient  met  the  aforementioned  criteria  and  the 
RT  assigned  to  the  patient  established  and  recorded  the 
presence  of  spontaneous  breathing  for  10  consecutive  min- 
utes, the  critical  care  attending  physician  was  asked  whether 
he  or  she  had  any  objection  to  beginning  the  weaning 
protocol.  Barring  any  objection,  the  patient  was  placed  on 
SIMV  plus  PSV.  This  was  considered  to  be  the  starting 
time  of  the  weaning  process  for  purposes  of  calculating  the 
weaning  time.  N4echanical  /  was  set  at  2  breaths/min  in 
patients  weighing  >  20  kg.  and  4  breaths/min  in  patients 
weighing  <  20  kg.  Tidal  volume  was  set  to  achieve  5-7 
mL/kg/breath  exhaled.  The  RT  determined  the  level  of 
pressure  support,  chtjosing  the  least  amount  during  which 
the  patient's  total /did  not  exceed  1.5  tiines  the  predicted 
/.  PEEP  and  supplemental  Fk,  were  administered  as  needed 
in  the  same  fashion  as  prior  to  the  protocol  initiation.  Pro- 
tocol-directed weaning  could  begin  at  anytime  of  day  or  night, 
as  determined  by  assessment  of  readiness. 

Criteria  for  continued  weaning,  which  mimicked  the 
criteria  for  initiation  of  weaning,  were  used  throughout  the 
weaning  process.  Eligibility  for  continued  weaning  v\as 
assessed  and  recorded  at  least  once  everv  4  hours.  Each 
time  criteria  for  weaning  were  achieved,  the  RT  reduced 
the  amount  of  pressure  support  administered  in  decrements 


of  2  cm  H ,().  as  dlten  as  every  20  minutes.  The  pace  of 
weaning  was  determined  by  the  patient's  tolerance  of  each 
reiluction  of  pressure  support. 

Individualized  parameters  used  to  indicate  patient  tol- 
erance included  S|,,,-  total  /.  pH.  and  partial  pressure  of 
carbon  dioxide  when  available.  These  were  continuously 
assessed  and  recorded  by  the  nurse  or  RT  every  hour. 
Ventilator  weaning  occurred  as  often  as  every  20  minutes, 
provided  the  criteria  were  met.  Further  pressure  support 
weans  were  held  when  either  { I )  the  pressure  support  level 
reached  hall  the  original  level  recorded  at  weaning  initia- 
tit)n  with  PEHl'  s  (i  cm  HiO,  (2)  weaning  criteria  were  no 
longer  met,  or  (3)  study  end  points  were  achieved.  Under 
the  protocol,  a  patient's  pressure  support  could  be  increased 
instead  of  decreased  if  for  some  reason  he  or  she  did  not 
tolerate  the  prior  wean. 

If  PEEP  was  >  6  cm  H^O  at  the  time  that  pressure 
support  level  reached  one  half  of  its  original  level  recorded 
at  weaning  initiation,  and  weaning  criteria  were  met,  PEEP 
was  reduced  by  1  cm  H,0  every  30  minutes  as  tolerated 
until  PEEP  reached  5  cm  H,0.  Pressure  support  and  PEEP 
were  not  weaned  at  the  same  time.  If  PEEP  was  <  5  cm 
HiO  cm  at  the  time  weaning  was  initiated,  no  additional 
PEEP  weans  were  made. 

Independent  of  pressure  support  weans,  the  nurse  or  RT 
used  pre-established  Sp^,,  parameters  ordered  for  each  pa- 
tient to  manipulate  F,y  .  This  is  our  current  standard  of 
care  in  the  PICU  and  CICU. 

When  weaning  criteria  were  no  longer  met,  subsequent 
to  a  reduction  in  pressure  support,  PEEP,  or  F,,,^,  that 
parameter  was  increased  to  the  level  preceding  the  most 
recent  wean.  If  at  any  time  following  an  increase  in  a  given 
parameter  the  criteria  were  still  not  met.  the  patient's  phy- 
sician was  notified.  In  the  event  that  patient  intervention 
required  exiting  protocol,  circumstances  were  monitored 
and  recorded  for  the  duration  of  the  patient's  course  of 
mechanical  ventilation. 

Study  Knd  Points 

Our  study  end  point  was  the  time  at  which  minimum 
settings  were  achieved:  PEEP  <  5  cm  H,0,  pressure  sup- 
port <  5  cm  H,0,  F,o,  ^  0,40,  mechanical  rate  of  2  or  4 
breaths/min  (based  on  patient  weight)  with  patient  total 
/  <  1.5  times  the  predicted  value,  ratio  of  actual  to  pre- 
dicted Vg  <  2.  pH  s  7.35  (when  available),  and  Spo, 
within  the  limits  established  for  that  patient  by  the  fellow 
or  attending  physician. 

Because  there  are  several  reasons  that  a  child  could 
require  an  artificial  airway  but  not  necessarily  require  con- 
tinued positive  pressure  ventilation,  minimum  settings, 
rather  than  extubation.  were  u.sed  to  define  the  end  of  the 
weaning  period.  In  addition,  our  institutional  review  board 
felt  that  extubation  as  an  end  point  might  put  patients  at 
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Choose  initial  protocol  settings: 

•  Wean  IMV  (to  2  if  >  20  kg,  to  4  if  i  20  kg) 

•  Adjust  preset  tidal  volume  so  that  the  corrected  exhaled  V^  is  5  5-7  mL/kg 

•  Choose  smallest  PS  such  that  fi  1  5  x  predicted  and  Actual  Ve 'Predicted  Ve  s  2 


-No 


Decrease  PS  by  2 

cm  H,0 


Yes 


Ready  to  wean  if: 

•    SpOj  within  parameters 
Actual  Ve /Predicted  Ve  i  2 
pH  2  7  35(if  data  available) 
f  <,  ^  S  X  predicted 
Sustains  spontaneous  respirations  >  10  minutes 


Fig.  2.  Protocol-directed  weaning:  flow  diagram  of  weaning  protocol.  IMV  =  intermittent  mandatory  ventilation.  V^  =  tidal 
volume.  PS  =  pressure  support,  f  =  respiratory  frequency  per  minute.  V^  =  exhaled  minute  ventilation.  SpO^  =  oxygen 
saturation  measured  by  pulse  oximetry.  PEEP  =  positive  end-expiratory  pressure. 


imduc  increased  risk.  At  the  time  we  developed  the  wean- 
ing protocol,  we  had  no  data  about  its  reliability  in  ternis 
of  determining  whether  a  patient  was  sate  to  e.xtubate. 

In  the  PHY  group,  in  the  event  a  patient  was  extubated 
prior  to  reaching  the  protocol-defined  end  points,  exluba- 
tion  was  used  as  a  surrogate  for  minimum  settings. 


Data  Collection 

Along  with  \entilator  sellings  and  ongoing  patient  as- 
sessment, patient  data  collected  included  demographics, 
diagnoses.  12-hour  and  24-hour  pediatric  risk  of  mortality 
(PRISM  HI)  scores,  time  on  F,o,  s  0.40  and  >  0.60, 
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223  Patients 
Enrolled 


1 16  randomized  to 
Physician-Directed 


107  randomized  to 
Protocol-Directed 


72  weaned 
[by  protocol' 


Fig.  3.  Patient  enrollment:  distribution  of  patients  as  randomized  and  as  actually  managed.  ITT  =  intent  to  treat. 
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lumibL-r  of  ICU  days,  and  number  ot  liospilal  da)s.  Iiilur- 
mation  was  also  collected  on  the  length  of  time  that  pa- 
tients were  on  the  various  phases  of  mechanical  ventilation 
(eg,  weaning),  as  detined  below.  The  data  were  maintained 
in  a  computeri/,ed  database  (Microsoft  Access.  Microsoft, 
Redmond.  Washington). 

MV',,„.  was  the  duration  of  mechanical  \enlilaiion  prior 
to  initiation  of  weaning,  defined  as  the  length  of  time 
between  when  the  patient  was  intubated  m  the  ICU  (or 
admitted  to  the  ICU  intubated)  and  the  time  when  weaning 
was  initiated.  MV,,,,,,,  was  the  total  length  of  time  a  patient 
was  on  mechanical  \enlilalion.  \\'canin\i  time  was  the  time 
elapsed  between  initiation  of  weaning  and  the  time  end 
point  criteria  were  reached.  Extiibation  time  was  the  time 
elapsed  between  initiation  of  weaning  and  the  time  of 
e.\tubation. 

The  indication  for  intubation  and  mechanical  sentilalion 
was  categorized  by  consensus  of  the  investigators  as  re- 
spiratory or  nonrespiratory.  A  patient  was  categorized  as 
having  a  respiratory  indication  if  the  disease  process  in- 
volved the  lung  parenchyma  or  intrathoracic  airways.  E,\- 
amples  of  respiratory  diagnostic  indications  include  bron- 
chiolitis, asthma,  pneumonia,  acute  respiratory  distress 
syndrome,  pneumonitis,  interstitial  Umg  disease,  traumatic 
lung  injury  (eg.  contusion),  and  pulmonary  edema.  Exam- 
ples of  nonrespiratory  diagnostic  indications  included  post- 
operative anesthetic  effect,  seizure-associated  hypoventi- 
lation, ingestion-associated  hypoventilation,  hypoxic 
ischemic  encephalopathy,  neuromuscular  disorders  (eg,  in- 
fant botulism),  scoliosis  repair,  cerebral  contusion  or  con- 
cussion, intracranial  hemonhage,  congenital  heart  disease, 
and  extra-thoracic  airway  obstruction  (eg,  croup,  laryngo- 
tracheomalacia). 

Morbidit)  data  collected  included  rate  of  reintubation 
(within  48  h),  and  incidence  of  new-onset  tracheitis,  pneu- 
monia, or  subglottic  stenosis. 


Statistical  Analysis 

Data  were  analyzed  with  commercially  available  soft- 
ware (Stata,  version  6.0,  Stata  Corporation,  College  Sta- 
tion, Texas).  Outcome  \ariables  were  analyzed  for  nor- 
mality using  Shapiro-Wilk  and  Shapiro-Francia  testing. 
Since  almost  all  variables  had  non-normal  distributions, 
they  were  compared  by  nonparamelric  analysis  v\  ilh  Wil- 
coxon  rank-sum  testing.  These  comparisons  were  made 
based  on  the  original  intent  to  treat,  as  determined  by  how 
the  patient  had  been  randomized.  Some  of  the  analyses 
were  also  stratified  according  to  patient  care  area  (PICU 
versus  CICU)  and  whether  the  indications  for  intubation 
and  mechanical  ventilation  were  respiratory  or  nonrespi- 
ratory. Demographic  and  categorical  variables  were  com- 
pared using  chi-sc|uarc  and  Fisher  exact  tests. 


Results 

Data  were  collected  on  22.^  enrolled  patients  between 
May  IWX  and  February  2()()()  (Fig.  3).  The  PHY  group 
had  I  Ih  children  and  the  PRO  group  had  107.  Of  these.  4 
did  not  reach  study  end  point  (2  died  after  randomization 
and  2  required  prolonged  mechanical  ventilation),  liight 
patients  were  withdrawn  from  protocol  weaning  and  24  of 
the  PRO  group  deviated  from  protocol.  Both  the  with- 
drawn and  deviation  patients  were  analyzed  as  random- 
ized. The  final  analysis  was  done  on  115  patients  in  the 
PHY  group  and  104  in  the  PRO  group  (see  Fig.  3).  Patient 
withdrawal  from  the  protocol  occurred  because  of  physi- 
cian preference  or  multidisciplinary  educational  issues  re- 
garding the  protocol.  No  patients  exited  the  protocol  be- 
cause of  worsening  respiratory  failure  during  weaning  that 
could  not  be  accommodated  within  the  guidelines  of  the 
protocol. 

The  PHY  and  PRO  groups  were  similar  in  terms  of  age. 
PRISM  III  scores,  and  gender  distribution  (Table  1 ).  We 
characterized  the  initial  indications  for  intubation  and  me- 
chanical ventilation  in  terms  of  the  primary  reason  for  the 
respiratory  failure  or  the  need  for  intubation,  which  are 
shown  in  Figures  4  and  5.  In  both  the  PHY  and  PRO 
groups,  the  majority  of  patients  required  intubation  for 
surgical  procedures  or  for  failure  of  respiratory  control 
(eg,  seizure-associated  or  medication-associated  hypoven- 
tilation). 

Disproportionately  more  patients  were  classified  as  hav- 
ing respiratory  diagnoses  in  the  PHY  group  than  in  the 
PRO  group  (24  versus  7.  p  =  0.003).  It  is  unclear  why  the 
distribution  of  this  category  in  the  treatment  groups  is 
unequal,  especially  given  that  the  assignment  was  random. 
We  were  concerned  that  this  might  indicate  that  there  was 
some  bias  introduced  by  the  fact  that  only  patients  in  the 
PRO  group  were  excluded  (since  the  PHY  group  received 
standard  of  care).  Because  the  difference  in  the  incidence 
of  respiratory  diagnoses  might  affect  the  comparisons  of 
the  PHY  and  PRO  groups,  we  did  stratified  anah  ses.  w  hich 
are  presented  below. 

Table  1.      Demographic  Characterislics 


Characteristic 

PHY 
71=    115 

PRO 
7!  =   104 

Age  in  years  (avg  ±  SD) 

4.19  ±5.40 

5.10  ±5.71 

PRISM  111-12  (avg  ±  SD) 

4.04  ±4,19 

3.68  ±  3.59 

PRISM  111-24  (avg  ±  SD) 

4.83  ±  4.63 

4.83  ±  4.45 

%  male 

52.0 

56.7 

%  respiratory  diagnoses 

20.9 

6.7 

PHY  =  physician-directed  group 

PRO  =  protocol -directed  group 

PRISM  111-12  ^  pediatric  riiik  of  monality  score  at  12  hours 

PRISM  111-2-1  =  pediatric  risk  of  mortalily  M.nre  at  24  hours 
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Parenchyinal  disease  7' 
EMrathoracic  obsiruclion  5^ 
Inlralhonicic  obstniclion  4% 

Rcspira(or>'  pump 
Neurologic  failure  6'*( 

Circulaioo'  failure  5% 


Rcspiratoo  control  1 8' 


Fig.  4.  Indications  for  intubation  in  the  physician-directed  group. 


lahlc  2  shows  an  unstratil'ied  LOiiiparisDii  ol  ilic  I'HY 
and  PRO  groups  in  terms  of  MVp^...  weaning  time,  extu- 
bation  time,  MV,,,,^,,.  and  total  time  on  F,o,  —  0.40.  Pa- 
tients in  the  PRO  group  overall  spent  significantly  less 
lime  in  the  weaning  process  and  less  time  from  initiation 
of  weaning  to  e.\tubation.  Differences  were  also  present 
for  other  variables,  but  none  were  statistically  significant. 

Within  each  respiratory  subgroup,  patients  on  average 
took  longer  to  wean  to  end  point  in  the  PHY  group  than  in 
the  PRO  group  (Table  ?<).  There  was  still  a  statistically 
significant  difference  in  weaning  time  in  both  diagnostic 
subgroups,  but  no  significant  difference  in  extubation  time 
in  either  diagnostic  subgroup.  We  also  looked  within  each 
treatment  group  to  compare  weaning  times  for  respiratory 
and  nonrespiratory  diagnoses.  As  one  would  expect,  for 
each  weaning  method,  respiratory  patients  on  a\erage  took 
longer  to  wean  than  nonrespiratory  patients,  the  difference 
being  statistically  significant  in  the  PHY  group  (p  <  0.001 ) 
and  showing  a  trend  in  the  PRO  group  (p  =  0.067). 

Thus,  many  of  the  overall  differences  seen  between  the 
2  groups  are  due  to  the  differences  in  case  mix  (respiratory 
versus  nonrespiratory).  However,  weaning  time  remained 
significantl_\  different  in  the  stratified  analysis. 

Since  this  study  took  place  in  2  different  ICUs  (PICU 
and  CICU).  there  ma\  be  a  concern  that  differences  be- 
tween the  PH\'  and  PRO  groups  might  be  due  to  factors 
other  than  case  mix.  There  is  a  difference  in  physician 
staffing  between  the  2  units.  The  PICL'  is  staffed  with 
pediatric  intensivists  only,  whereas  the  CICU  includes  pe- 
diatric cardiologists  and  cardiothoracic  surgeons  as  well. 
Howe\er.  the  PRO  and  PHY  patients  were  e\enly  distrib- 
uted betv\een  the  2  units  ip  =  ().S4  h\  chi-square). 

Protocol  weaning  was  noi  innucnccd  h\  patient  loca- 
tion. The  tlilfeience  in  weaning  times  between  the  nonres- 
piratory PRO  patients  in  the  2  Id's  was  not  statistically 
differem  (PICU  =  6.1  h.  CICU  =  3.9  h.  p  =  0.74).  Non- 
respirators  PH^'  patients  had  a  larger  a\erage  difference  in 


weaning  limes  beiwecn  units,  hui  this  was  not  statisticully 
significant  (PICU  =  20.1  h,  CICU  =  8.5  h.  p  =  0.29). 

There  was  no  difference  in  morbidity  or  mortality  be- 
tween the  PH\'  and  PRO  groups.  There  was  no  incidence 
of  new-onset  tracheitis,  ventilator-associated  pneumonia, 
or  subglottic  stenosis  in  either  group.  Failed  extubation 
(reintubation  within  48  h  for  respiratory  indications)  was 
not  different  between  the  groups  (PRO  =  4.  PHY  =  2). 
The  2  mortalities  seen  during  the  study  occurred  prior  to 
initiation  of  weaning  and  were  due  to  the  primary  disease 
process  in  those  patients. 

Discussion 

As  far  as  we  know,  prior  to  this  study  there  were  no 
published  studies  examining  protocol-directed  weaning  in 
children.  Mechanical  ventilation  remains  a  critical  com- 
ponent in  the  management  of  respiralor\  insufficiency, 
central  ner\ ous  system  impairment,  and  postoperati\e  care 
of  adults  and  children  alike.  Because  weaning  from  me- 
chanical ventilation  accounts  for  as  much  as  40*^^  of  the 
time  that  a  patient  receives  mechanical  \entilation.'  and 
because  there  are  many  risks  associated  with  prolonging 
mechanical  ventilation.-  this  practice  was  rated  as  a  high- 
\olume.  high-risk  process  that  deserved  investigation. 

Our  main  hypothesis  was  that  patients  managed  by  pro- 
tocol would  have  a  shorter  mean  duration  of  mechanical 
ventilation  during  the  weaning  period.  We  also  hypothe- 
sized that  protocol-guided  weaning  would  be  as  safe  as 
conventional  weaning  and  that  patients  managed  by  pro- 
tocol would  not  ha\e  a  higher  incidence  of  complications 
and  morbidity. 

Our  data  cleaii\  show  that  weaning  time  is  shorter  for 
patients  weaned  by  protocol.  e\en  after  stratification  for 
respiratory  diagnosis.  We  used  an  end  point  based  on  min- 
imal mechanical  ventilation  settings,  rather  than  extuba- 


Parenchymal  disease  7% 
b'xtratlioracic  obsiruclion  5% 

Intralhoracic  obsiruclion 
Respiralorv,  pump  2° 

Neurologic  failure  5° 

Circulalor>  failure  2°o 

Respirator>  conlrol  ^)"  o 


Fig.  5.  Indications  for  intubation  in  the  protocol-directed  group. 
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Table  2.      Comparisoii  ol  Mechanical  VciUilalmn  Tinics 


PHY 

PRO 

Mean 

Median 

SD 

Mean 

Median 

SD 

P 

MV^„  (h) 

52.1 

15.0 

116.8 

33.4 

15.5 

48.6 

0.73 

Weaning  lime  (h) 

2?.  2 

11)0 

39.4 

5.9 

o.x 

12.1 

<  0.001 

Extubalion  lime  (h) 

30.1 

12.1 

4fi.3 

16.2 

4.0 

32.8 

0.004 

MV,„,.,  (h) 

ll6.y 

27.5 

390.7 

47.1 

23.8 

57.7 

0.26 

Time  on  F,o,  a  0.40  (h) 

.30.2 

3.5 

80.7 

9.7 

3.8 

17.9 

on 

PHY  =  physician -dirccifd  group 

PRO  =  pnii<x-ol -directed  group 

MVp^  -  duration  ot  mechanical  ventilation  prior  to  initiation  of  weaning 

Sec  text  for  explanation  of  weaning  lime  and  extubalion  timc- 

M^ioui  =  'olal  duration  of  mechanical  vcntilaiion 

F|o,  =  fraction  of  inspired  oxygen 


Table  3.       Comparisoti  ot  Mechanical  Vcnlilalinn  Times  SiratiliciJ  lor  Respiratory  Diagnosis  Siihyroups 


Diagnostic 

PHY 

PRO 

group 

Mean 

Median 

SD 

Mean 

Median 

SD 

P 

MVp„  (h) 

Respiratory 

161.2 

63.2 

217.1 

67.3 

51.0 

80.6 

0.3 1 

Nonrespiratory 

23.3 

12.2 

35.0 

31.0 

15.3 

45.1 

0.07 

Weaning  time  (h) 

Respiratory 

66.4 

56.1 

59.1 

15.7 

3.8 

25.0 

0.01 

Nonrespiratory 

14.4 

4.1 

22.4 

5.2 

0.7 

10.5 

<  0.001 

Extubalion  time  (h) 

Respiratory 

76.4 

52.8 

69.0 

33.6 

4.2 

49.8 

0.08 

Nonrespiratory 

18.4 

5.8 

28.9 

15.0 

4.0 

31.2 

0.12 

MV„„,,  (h) 

Respiratory 

240.1 

132.9 

242.3 

101.2 

78.5 

89.8 

0.16 

Nonrespiratory 

84.4 

21.8 

416.2 

43.2 

23.0 

52.7 

0.65 

Time  on  F,,,,  ==  0.40  (h) 

Respiratory 

109.8 

30.8 

151.2 

37.7 

13.0 

45.0 

0.38 

Nonrespiratory 

9.2 

2.5 

16.7 

7.7 

3.2 

12.5 

0.69 

PHY  =  physician.direi.lcii  griiup 

PRO  -  protocol'dircclcd  group 

MVp^  =  duration  of  mcchanicjl  vcnliljUon  prior  lo  inilialion  ot  weaning 

See  text  for  explanation  of  weaning  time  and  extubalion  time. 

MV,^^l  =  total  duration  of  mechanical  ventilation 

F102  —  fraction  of  inspired  oxygen 


tion,  because  we  did  not  want  to  exclude  patients  who 
needed  artificial  airways  but  did  not  need  mechanical  ven- 
tilation. There  were  also  safety  concerns  about  using  an 
untested  protocol  to  determine  whether  patients  were  ready 
to  e.xtubate.  This  artificial  end  point  did  make  comparison 
with  the  physician-weaned  group  somewhat  more  ditfi- 
ciill.  hui  in  reviewing  physician  weaning  practice  during 
this  study,  we  were  able  to  find  end  points  that  were  sim- 
ilar to  the  protocol  end  point.  In  nearly  half  of  the  PHY 
group,  patients  were  extubated  almost  as  soon  as  weaning 
had  started. 

For  purposes  of  comparison  with  oihcr  studies,  we  cal- 
culated times  from  initiation  of  weaning  to  extubalion  as 
well.  There  was  a  significant  difference  in  the  o\craii  anal- 
ysis, with  the  extubalion  time  shorter  for  the  PRO  group. 
When  the  analysis  was  stratified  for  respiratory  diagnosis 
subgroup,  the  PRO  group  still  had  shorter  cxtubation  times. 


but  the  difference  for  respiratory  cases  only  approached 
significance  (p  =  0.08)  and  was  not  statistically  significant 
for  nonrespiratory  cases.  The  loss  of  statistical  signifi- 
cance with  stratified  analysis  is  most  likely  due  to  the 
difference  in  case-mix  between  the  PHY  and  PRO  groups 
(24  PHY  respiratory  cases  versus  7  PRO).  It  seems  that  the 
protocol  led  to  shorter  time  to  extubation,  but  the  study 
was  insufficiently  powered  to  demonstrate  a  statistically 
significant  difference. 

In  terms  of  safety  of  the  protocol,  there  were  no  in- 
stances of  tracheitis,  ventilator-associated  pneumonia,  or 
subglottic  stenosis  that  occurred  after  initiation  of  mechan- 
ical ventilation  in  either  group.  The  incidence  of  reintuba- 
tion  was  slightly  higher  in  the  protocol  group.  Thus,  pro- 
tocol-weaned patients  had  no  higher  incidence  of  morbidity 
than  the  physician-weaned  patients,  although  the  e\ent 
rate  in  both  groups  was  very  low. 
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Our  scciiiiilaiA  comparisons  ot  iiihcr  \ciililalion  param- 
eters iliil  not  achieve  statistical  signitlcance,  although  there 
were  luimcric  dilTerences.  Patients  in  the  s!iui\  group  iciidcil 
to  renuiin  on  l'|,,  2^  0.40  tor  less  time,  allhougli  tlic  2 
groujis  ilul  not  differ  signilKaniis  iii  total  time  on 
F,o,  ^0.40(p  =  0.11). 

We  thought  that  MV|,^^,  and  MV,^,,,,  would  he  slH)rter  lor 
patients  in  the  PRO  group,  since  they  were  more  activel> 
tested  for  readiness  to  wean  throughout  their  time  on  me- 
chanical ventilation.  Although  there  were  numeric  differ- 
ences for  both  of  these  parameters,  these  did  not  achieve 
statistical  significance  in  the  o\erall  analysis.  Interestingly, 
in  the  stratifieil  anal\sis.  the  difference  in  MV|„.  \alues 
between  the  Pll\  and  PRO  groups  approaches  statistical 
significance  (p  ^  0.07 1  with  the  nonrespiratory  patients. 
but  not  w  ith  the  respirators  patients.  We  speculate  that  this 
reflects  that  MV|„^.  is  influenced  not  only  by  increased 
patient  surveillance  but  also  bv  the  degree  of  respiratory 
impairment.  The  increased  surveillance  makes  more  of  a 
difference  in  patients  who  are  intubated  for  reasons  other 
than  parenchymal  disease.  In  these  "nonrespiratory"  cases, 
the  active  reevaluation  of  patients  may  make  more  of  a 
difference  in  shortening  time  on  mechanical  ventilation. 
The  presence  of  a  numeric  difference  for  the  respirator) 
subgroup  may  be  due  to  less  aggressive  weaning  of  PHY 
group  patients  because  of  the  nature  of  their  dependence 
on  mechanical  ventilation.  These  same  factors  may  con- 
tribute to  the  kick  of  statistically  significant  difference  in 

Sedation  can  impact  a  patient's  ability  to  wean  from 
mechanical  ventilation.  We  did  not  explicitly  control 
for  sedation,  but  the  random  treatment  group  assign- 
ment should  have  taken  care  of  balancing  the  groups  in 
terms  of  sedation  approaches.  We  retrospectively  re- 
viewed a  random  sample  of  study  charts  and  found  that 
there  were  similar  approaches  to  sedation  in  the  PRO 
and  PHY  groups. 

Various  ventilator  weaning  strategies  (SIM  V  versus  PSV 
versus  continuous  positive  airway  pressure  and  T-piece 
wean)  could  have  been  used  for  the  purpose  of  this 
comparison.  Our  snul\  ilid  not  compare  effectiveness 
among  ventilator  weaning  types  or  personnel  involved 
in  the  implementation  of  the  weaning.  The  purpose  was 
only  to  compare  a  protocol-directed  weaning  strategy  to 
our  traditional  physician-directed  strategy  in  pediatric 
patients. 

I-'uture  studies  of  this  weaning  protocol  w ill  include  an 
evaluation  of  patient  population  subgroups.  By  collecting 
data  regarding  protocol  compliance  and  variance  within 
each  subgroup,  we  hope  to  understand  the  possible  ditler- 
encc  in  outcomes  from  each.  This  may  show  w  hich  patient 
population  such  a  ventilator  weaning  protocol  would  serve 


best.  It  may  also  be  interesting  to  see  if  the  criteria  for 
readiness  to  wean  could  be  simplified  or  "relaxed." 

("oiuiusions 

I  he  |irotocol-directed  weaning  strategy  developed  for 
the  purpose  of  this  investigation  resulted  in  shorter  wean- 
ing time  than  phvsician-directed  weaning.  This  outcome 
was  re;ili/ed  with  no  increase  in  morbidity,  mortality,  or 
rate  ot  rciiilubalion. 

1  his  studv  has  several  implications.  Our  institution  has 
incorporated  the  use  of  protocol-directed  weaning  as  a 
practice  change  in  our  PICU  and  CICU.  Spo,  parameters 
are  ordered  on  an  individual  patient  basis  to  be  used  in 
conjunction  with  the  order  tor  priitocol-directed  weaning. 
Giving  RTs  the  ability  to  streamline  ventilator  weaning 
with  the  aid  of  a  protocol  seems  etfective.  Subjective  com- 
mentary suggests  that  communication  among  physician, 
nursing,  and  respiratory  care  personnel  may  be  enhanced, 
as  dialogue  between  health  care  providers  is  crucial  to  the 
existence  of  this  program.  Although  not  formally  addressed 
in  this  analysis,  the  financial  impact  of  this  protocol  pro- 
gram must  be  considered  positive  as  well. 

Our  environment,  where  supply  and  demand  for  health 
care  services  constantly  challenges  the  efficiency  of  cur- 
rent practices,  directed  our  efforts  tow  ard  the  development 
of  this  investigation.  The  outcome  of  our  prospective  ran- 
domized comparison  of  protocol-directed  versus  physician- 
directed  ventilator  weaning  proved  that  protocol-directed 
weaning  resulted  in  shorter  weaning  time  in  these  pediatric 
patients. 
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A  Comparison  of  Two  Airway  Suctioning  Frequencies  in 
Mechanically  Venlilaled,  Very-Low-Birlhweighl  Infants 

Lcandid  C'ordcro  MD.  Mcivodcs  Saniincs  MD.  and  l.cuiia  W  Aycrs  MD 

IN  TKODl'C  TION:  Kndotraiiu-al  siiitioiiiiiK  ol  iiRtlianiailK  \ciililatwl,  vfr>-l(m-hir1h\\ei>;ht  infants  for 
iTMioNal  III'  ri's|)iral<in  Mrri'tioiis  can  Ih'  avs(K'iaU'(i  \\\th  rnorhidilN.  RiiiilitK'  I'ndolrailual  siiilioninu  is 
ina(his;il)k'.  I)iit  thu  siilu  niiniinuni  cndolr.aiii'al  siKlioninf;  lm|iK'ni\  lor  prcM'iilion  ol  air\\a\  ohstruition 
hits  not  liet'ii  delimiiiu'd.  HMHyilllvSIS:  IKtriasinj;  suctioning  IritiiKncv  from  everj'  4  hours  to  even'  8 
hours  (plus  as  iKi'<k'<ll  Mould  Ikim'  uo  iliniiall)  iu)|>ortant  i-ITirt  on  llu'  prinuirx  outcouus  (noMKOinia! 
i)l(NHlstri'aiu  iul'irtion  |I{SI|.  \c'U(ilator-a.sMH.'iali'd  pneumonia  |\AI'|,  and  i)ai'li'rial  air\\a\  coloni/iilioni  or 
sti-ondarv  outcomes  I  reintuhation  rates,  need  lor  |)oslural  drainage,  severity  oll)roncliopuluionar>  d\splasia 
IHI'DI.  neonatal  uiortalit>.  duration  oi' mechanical  \entilation.  and  duration  ot'hospitaliAilioiii.  Ml!'! HODS: 
We  couducte<l  a  se(|ueutial  retros|Xfti\e  stud>  of 'X)  \er\-lo«-hirth\\ei^ht  infants  \\\v>  were  niiriianicallv 
\eutilatiKt  for  longer  than  7  days  and  who  underwent  endotracheal  suctioninj;  every  4  hours  (plus  as  needi-d) 
and  W  similar  infants  who  undervxent  endotracheal  suctioniii};  everv  8  hours  (plus  as  nitfled).  Tvvo-pass 
endotracheal  suctioniu};  usal  durinj;  the  studv  |Kriod  ritjuirwl  |)redetermine<l  meiisurement  of  the  suction 
catheter  and  prior  instillatictn  of  siiline.  RKSl  L I S:  Ihe  2  treatment  j;roups  were  similar  in  demofjraphic  and 
clinical  characteristics,  includinj:  survival  CWCV  and  85 "^f ),  ajje  at  time  of  death  (2X  and  33  d).  mean  birth- 
ueij;ht  (926  and  934  g),  ^i>stational  aj^e  (27  and  27  \\k).  duration  of  ventilation  (29  and  27  d),  and  duration 
of  stay  (55  and  53  d).  Ke^ardk'ss  of  suctioninj;  fret|uency,  airway  colonization  with  (iram-positivc  cwci 
(Kcurred  in  the  majoritv  of  patients  by  2  weeks  of  lile.  Fortv-three  (Hrcent  of  the  infants  suctioned  every  4 
hours  and  44'^<-  of  those  suctionetl  every  8  hours  Ijccame  airwav  colonizeti  with  (iram-nejjative  bacilli.  No 
(Jram-nej^ative  bacilli  six-cies  was  more  likelv  to  Ih'  associated  with  either  treatment  ^roup.  V  AP  was  diag- 
nosed in  5  of  the  infants  suctioned  every  4  hours  and  in  9  of  the  infants  suctioned  everv  8  hours.  Nos<R-oniial 
HSI  occurrwl  in  18  of  the  infants  suctioned  every  4  hours  and  in  21  of  the  infants  suctionetl  everv  8  hours.  The 
difference  in  incidence  of  VAF*  and  BSI  was  due  to  a  Pseiidonumas  aent^nosa  epidemic  that  started  Ix-fore 
the  change  in  suctioning  frequencv .  During  hospitalization,  approximatelv  one  fourth  of  the  patients  in  each 
group  required  postural  drainage  and  v\ere  reintubated  1 1  and  10  times  [kt  KMI  ventilator  davs,  respectively. 
A  comparable  numlxT  ol  infants  in  each  group  developed  severe  BPI)  and  were  dLschargetl  home  on  oxygen. 
Suctionings  (xr  patient  |ht  ventilator  day  were  6  for  the  group  suctione<l  everv  4  hours  and  4  for  the  group 
suctionwl  everv  8  hours  (p  <  (MID.  C'ONCIALSIONS:  A  lovv-fre<|uencv  suctioning  regimen  (everv  8  hours 
plus  as  needed)  can  be  implemented  without  increasing  the  incidence  of  nosocomial  HSI,  \  AP,  bacterial 
airv\av  coloniz^ition,  fre(|uenc\  of  reintuhation,  nec-<l  for  [X)stural  drainage,  severity  of  RPD.  neonatal  mor- 
talitv,  duration  of  mechanical  \enliiatH>n,  or  duration  of  hospititliz;ition.  Although  the  mininuim  suctioning 
fre(|uency  for  removal  of  unwanted  respiratory  secretious  is  yet  to  be  established,  a  sul)stantial  reduction  in 
endotracheiU  suctioning  fret|uency  apjx'ars  to  be  safe.  Kc\  words:  ciuloiniclwal  suaununi;  frequency,  premamre 
injanls.  hroiuluipulindiuiiy  clysplii.sin.    [Respir  Ciire  2(XJI;46(8):783-788J 


IntnKluction 

Endotracheal  suctioning  of  mechanically  ventilated, 
verv-low-birthvveiiiht  (VLBW)  int';ints  ni;iintains  an  iinob- 
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structed  airway  hy  removing  acciinuilated  bronchopiilino- 
nary  secretions.  Hov\  e\  er.  entinlraeheal  suctioning  has  been 
associated  with  arterial  and  \enous  desaturation,'"^  cardiac 
arrhythmia,'  increased  mean  arterial  and  intracranial  pres- 
sure.' ^  and  transient  bacteremia.''^  it  is  also  known  that 
endotracheal  suctioning,  with  or  \\ithc>ut  instillation  of  .sa- 
line, can  damage  the  mucosa''  and  impair  mucociliary  trans- 
port.'" thus  rendering  the  respiratorv  tract  vulnerable  to 
opportunistic  infections.  To  minimize  the  incidence  of  these 
coniplicaliuns.  suclioning  tiviitienev  shotild  be  ilictatcd  by 
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the  patient's  condiiiDii."  The  niiniiiiimi  suctioning  tie- 
quency  to  maintain  airwas  patciic\  is  \ei  to  be  deter- 
mined.'- Before  August  1997,  in  our  neonatal  intensive 
care  unit  (NICU),  endotracheal  suctioning  was  conducted 
every  4  hours  (plus  as  needed).  As  of  August  1997  we 
decreased  the  frequency  of  suctioning  to  every  8  hours 
(plus  as  needed).  This  change  in  respiratory  care  protocol 
provided  an  opportunity  to  test  the  hypothesis  that  de- 
creasing suctioning  frequency  would  have  no  clinically 
important  effect  on  primary  outcomes  (nosocomial  blood- 
stream infection  |BSI|.  \entilator-associated  pneumonia 
[VAP|.  and  bacterial  airway  colonization)  or  on  secondary 
outcomes  (reintubation  rate,  need  for  postural  drainage, 
severity  of  bronchopulmonary  dysplasia  |BPD|.  neonatal 
mortality,  duration  of  mechanical  xciitilaiioii.  and  duiaiion 
of  hospitalization). 

Methods 

The  last  90  consecutively  born  VLBW  infants  who  stayed 
on  mechanical  ventilation  longer  than  7  days  and  were 
suctioned  every  4  hours  (plus  as  needed)  were  compared 
with  the  first  90  VLBW  infants  on  mechanical  ventilation 
longer  than  7  days  but  who  received  endotracheal  suction- 
ing every  8  hours  (plus  as  needed).  This  sequential  retro- 
spective investigation  was  approved  by  our  institutional 
review  board.  VLBW  infants  were  defined  by  a  birth- 
weight  <  1500  g. 

On  admission  to  the  Le\el  III  NICU.  all  mechanically 
ventilated  infants  were  considered  at  risk  for  early-onset 
sepsis  and  were  treated  with  intravenous  ampicillin.  100 
mg/kg/d.  given  in  2  doses  every  12  hours,  and  with  intra- 
venous gentamicin,  5  mg/kg/d,  given  according  to  gesta- 
tional age.  at  intervals  of  24  hours  (>  35  wk  gestational 
age)  or  48  hours  (<  .'^5  wk  gestational  age).  This  regimen 
was  continued  for  3  days  if  blood  cultures  were  negative. 
or  for  5  to  7  days  if  positive.  All  newborns  were  treated 
with  a  neonatal  pressure-limited  time-cycled  ventilator  and. 
when  indicated,  with  a  high-frequency  device.  Ventilator 
circuit  and  humidifiers  (dual  heated-wire  ventilator  circuit 
orConchaterm  III  Plus  heater  |both  made  by  Hudson  RCI. 
Temecula.  California!  and  Airlife  Isothermal  single  or  dual 
heaied-vvire  circuit  [Allegiance  Healthcare,  McGaw  Park. 
Illinois]  with  a  Fisher  &  Paykel  630  or  730  heater  [Fisher 
&  Paykel  Health  Care,  Laguna  Hills.  Calitornia])  were 
changed  every  7  days. 

L'mbilical  arterial  catheterization  was  performed  for 
blood  gas  monitoring.  In  those  infants  who  received  long- 
term  intravenous  therapy,  umbilical  or  central  venous  cath- 
eterizations were  also  done.  Exogenous  suifactant  (.Sur- 
vanla.  Abbott  Laboratories.  Columbus.  Ohioi  for  irealmeni 
of  hyaline  membrane  disease  was  given  at  the  manufac- 
turer's recommended  dose. 


Blood  culture  and  complete  white  cell  count  were  ob- 
tained on  admission  to  the  NICU.  Nosocomial  B.SI  was 
defined  by  traditional  clinical  signs,  hematologic  abnor- 
malities, and  a  positive  blood  culture  beginning  after  2 
days  of  life.  Suspected  nosocomial  B.SI  was  treated  with 
gentamicin  (see  above)  and  vancomycin,  30  mg/kg/d,  ad- 
ministered intravenously  every  8  hours  or  every  12  hours. 
Once  blood  culture  isolates  were  identified,  therapy  was 
changed  according  to  antibiotic  susceptibilities.  As  part  of 
a  comprehensive  infection  control  program  to  monitor  air- 
way micrt)bial  colonization,  bacterial  tracheal  aspirate  cul- 
tures were  obtained  on  admission  to  the  NICU  and  weekly 
thereafter.  After  saline  solution  (0.5  niL)  was  placed  into 
the  endotracheal  tube,  it  was  suctioned,  collected,  and  pro- 
cessed immediately,  or  stored  at  4°  C  for  up  to  24  hours. 
Airway  bacterial  colonization  was  defined  by  the  presence 
of  Gram-positive  cocci  and  Gram-negative  bacilli  (GNB) 
in  2  or  more  bacterial  tracheal  aspirate  cultures  taken  at 
least  I  week  apart  in  infants  without  clinical  or  bacterio- 
logical ev  idence  of  systemic  or  local  infection.  In  cases  of 
isolation  of  multiple  organisms  from  the  same  bacterial  tra- 
cheal aspirate  culture,  the  bacterial  species  found  more  con- 
sistently over  time  was  considered  the  primary  colonizer. 

BPD  was  diagnosed  clinically  in  infants  with  respiratory 
failure,  who  were  on  mechanical  ventilation  longer  than  2 
weeks,  and  who  were  still  treated  w  ith  oxygen  at  28  days  of 
life.'^  According  to  clinical  indications,  infants  with  BPD 
were  given  dexamethasone  sodium  phosphate.  0.5  mg/kg/d. 
administered  intravenously  in  2  doses  even  12  hours  for  3 
days,  followed  by  dose  tapering.  Throughout  the  study  pe- 
riod, no  infant  received  dexamethasone  before  7  days  of  age. 
Severity  of  BPD  was  defined  by  the  need  for  treatment  w ith 
oxygen  at  36  weeks  post-conceptional  age  and  at  the  time  of 
discharge  from  the  hospital.'-*  '^  Postural  drainage  (gentle  vi- 
bration, body  positioning,  and  endotracheal  suction)  was  done 
in  cases  of  segmental  atelectasis,  in  an  effort  to  mobilize 
tracheobronchial  secretions. 

Chest  radiographs  were  taken  of  all  infants  suffering 
respiratory  failure,  on  admission  to  the  NICU.  daily  for  the 
first  week,  biweekly  during  the  second  week,  and  accord- 
ing to  clinical  needs  thereafter.  Nosocomial  pneumonia 
was  defmed  by  a  radiologic  diagnosis  together  with  blood 
and  tracheal  cultures  positive  for  a  respiratory  pathogen.'" 

Before  August  1997.  closed-suction  and  open-suction 
catheters  were  used  interchangeablv.  but  after  August 
1997  a  randomized  clinical  trail  was  initiated.'''  Eighty- 
three  of  the  90  patients  in  the  group  receiv  ing  suctioning 
every  8  hiuirs  (plus  as  needed)  were  randomized  into  2 
groups  (42  closed-suction  catheter  and  41  open-suction 
catheter).  Comparisons  of  these  2  groups  showed  no  dit- 
ferences  in  anv  clinical  or  microbiological  variables,  and. 
therefore,  for  the  purposes  of  the  present  investigation, 
were  considered  as  one  group. 
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liit'anls  known  lo  ilcsaluratc  ilurint;  ciKloliai.'lK-al  sue 
liiininii  icccixotl  a  lO'i  iiKivasc  in  liacliun  iil'  inspired 
oxygen  prior  lo  the  procccliin.-  anil  were  returned  to  pre- 
suction  oxygenation  levels  shoiii\  thereafter.  Two-pass 
endotracheal  suctioning  reiiuired  predetermined  measure- 
ment of  the  suction  catheter  and  prior  instillation  of  saline. 
The  si/e  of  suction  catheter  used  \aried  according  to  en- 
dotracheal tube  si/e  {(•>  French  for  endotracheal  tubes  of 
2.3  mm  internal  diameter  or  less  and  8  French  for  larger 
endotracheal  tubes).  Open  suctioning  began  with  a  brief 
disconnectiim  from  the  ventilator  to  allow  instillation  of 
0.3  mL  saline  into  the  endotracheal  tube.  After  no  more 
than  6  \entilator  breaths,  a  sterile  catheter  was  introduced 
to  the  predetermined  length  ol  the  endotracheal  tube  (if 
mild  resistance  was  encountered,  a  1  2  cm  witluhawal 
followed).  Suction  pressure  of  80  mm  llg  was  applied 
iniermiitentiN  while  withdrawing  the  catheter  from  the  air- 
way. This  suctioning  pass,  which  was  limited  to  less  than 
5  seconds,  was  repealed  (rarely  more  than  once)  for  large, 
tenacious,  or  thick  secretions. 

Closed  suctioning  began  when  sterile  saline  was  in- 
stilled through  the  irrigation  port  a  lew  seconds  before  the 
multi-use  catheter  (Trach  Care.  Ballard  Medical  Products, 
Draper.  Utah)  control  valve  was  unlocked  and  the  catheter 
(inside  the  sheath)  was  advanced  until  the  predetermined 
color  mark  matched  the  port  or  until  mild  resistance  was 
encountered.  The  catheter  was  then  withdraw n  while  using 
intermittent  suction  pressure  of  80  mm  Hg  for  no  longer 
than  3  seconds.  Suction  pressure  and  suctioning  passes 
were  similar  to  those  described  above.  The  catheter  was 
then  irrigated  with  03  mL  of  sterile  saline  at  the  irrigation 
port  while  applying  suction.  Multi-use  catheters  were 
changed  daily.  Suctioning  of  the  mouth,  when  needed,  was 
accomplished  with  a  separate,  sterile,  disposable  catheter. 

Data  Collection  and  Statistical  Analysis 

Our  NICU  was  managed  under  a  plan  of  patient  care 
that  did  not  change  during  the  study  period.  Tracheal  and 
blood  cultures  were  collected  prospectively,  and  patient 
demographic  and  clinical  information  was  obtained  from 
hospital  records.  Subgroups  were  formed  for  specific  anal- 
ysis. The  results  are  reported  as  mean  ±  SD  for  all  vari- 
ables. Unpaired  t  tests  were  used  to  analyze  the  difference 
of  group  means  for  birthweight  and  gestational  age.  Du- 
ration of  mechanical  ventilation  and  duration  of  hospital 
stay  were  compared  using  the  Mann-Whitney  test.  A  chi- 
square  test  of  proportions  and  Fisher's  exact  test  were  used 
for  noncategorical  variables.  Power  analyses  were  based 
on  /  tests  for  comparing  means,  and  chi-square  tests  were 
used  to  compare  percentages.  Two-tailed  tests  were  used, 
with  a  significance  level  of  p  <  0.0.3.  This  analysis  as- 
sumed a  medium  effect  si/e  and  90  patients  in  each  of  the 
groups.  The  resulting  power  esiimale  was  0.92.  Specific 


|iower  analyses  were  coiuliicteil  lor  the  primary  outcome 
\ari.ihles.  Power  to  detect  large  dilTerences  was  0.88  for 
nosocomial  BSI.  and  power  to  detect  medium  differences 
in  airway  bacterial  coloni/ation  was  0.80.  Because  of  the 
low  occurrence  of  VAP.  the  power  to  detect  increases  in 
VAP  incidence  was  small. 

Kesults 

Table  I  presents  our  comparison  of  mechanically  ven- 
tilated VI.BVV  infants  who  received  suctioning  either  ev- 
ery 4  hours  or  every  8  hours  (plus  as  needed).  Overall 
survival  rate  (90  and  8.3% ).  mean  birthweight  (927  and 
9M  g).  mean  gestational  age  (27  and  27  wk).  age  at  time 
of  death  (28  and  .^.3  dl.  duration  of  mechanical  \entilation, 
duration  of  stay,  and  other  clinical  and  demographic  vari- 
ables were  not  statistically  different  for  the  2  treatment 
groups.  Sixty-five  (70%)  of  the  infants  suctioned  every  4 
hours  and  W)  (64 '/r)  of  the  infants  suctioned  every  8  hours 
weighed  less  than  1000  g  at  birth. 

Analysis  of  bacterial  cultures  from  744  tracheal  aspi- 
rates determined  that  the  patterns  of  airway  bacterial  col- 
oni/ation were  comparable  between  the  2  treatment  groups. 
Regardless  of  treatment  group,  most  tracheal  cultures  taken 
during  the  first  week  were  negative,  but  by  the  second 
week  of  mechanical  ventilation  and  until  final  exiubalion. 
Gram-positive  cocci  were  isolated  alone  or  in  combination 
with  GNB  for  most  bacterial  tracheal  aspirate  cultures. 
GNB  airway  coloni/ation  was  rare  during  the  first  2  weeks. 


Tabic  I.       Clinical  and  Demograptiic  Variables  of  the  Study 
Population 


Suction  Frequency* 


Every  4  hours 

Every  8  hours 

P 

Patients  (h) 

90 

90 

— 

Survivors  (h  and  %) 

81  (90) 

77(85) 

0.23 

Birth  weight  (g)t 

926  ±221 

934  ±  200 

0.81 

Gestational  age  (wk)t 

27  ±2 

27  ±2 

0.08 

Whiteftlack  (iil 

67/ 1.-! 

69/11 

0.52 

Male/female  in) 

48/42 

48/42 

1.00 

Cesarean  delivery  («  and  'r ) 

(>?iO0\ 

.S6(62) 

0.12 

Exogenous  surfaclani  (;i  and  9c) 

82(91) 

81  (90) 

0.73 

Dexamethasone  (;i  and  9r) 

80(89) 

78(87) 

0.53 

Umbilical  arterial  calhcleri/alion 

83(92) 

84(93) 

0.67 

ill  and  9r| 

Umbilical  venous  calholcri/alion 

86 (96) 

86  (96) 

1.00 

(H  and  7r) 

Broviac  catheterization  (ii  and  '/<) 

2.'i  (28) 

20(22) 

0.20 

Mechanical  ventilation  days  Oifr 

29  ±  19 

27  ±  16 

0.37 

Length  of  slay  (d)t 

.s.*;  ±  24 

53  ±22 

0.5 

Values  arc  mean  *  SD  unless  othcmisc  spcciricd. 

•Plus  as-nccdcd. 

tE\;iluaicd  with  ;  icM.  All  others  evaluated  with  chi-squarc  icsi. 
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but  became  increasingly  common  cluriny  ihc  third  v\cck 
(occurring  in  44'/i  o\'  those  suctioned  c\ery  4  luiurs  and 
43%^  of  those  suctioned  every  8  hours).  Environmental 
flora  [Pseiuloimnias  aeniginosci.  Serralia  marccsccns.  and 
Acinciolnicli'ihaitnianii)  were  identified  in  about  one  fourth 
of  the  cases,  enteric  flora  (Klebsiella  pneumoniae.  Enier- 
ohacter  eloacac.  and  Escherichia  coli)  was  found  in  half, 
and  a  combination  of  several  GNB  were  found  in  the 
remaining  cases.  No  GNB  species  was  more  likely  to  be 
associated  with  either  treatment  group. 

The  number  of  reintubations  per  patient  (3  ±  3  and  3  ± 
2).  reintubations  per  100  ventilator  days  ( 1 1  and  10),  and 
the  need  for  postural  drainage  per  patient  (26  and  24'7r) 
were  similar.  The  number  of  suctionings  per  patient  per 
ventilator  day  was  significantly  less  for  those  suctioned 
every  8  hours  (4  ±  0.7)  than  for  those  suctioned  every  4 
hours  (6  ±  0.7)  (Table  2).  Nosocomial  BSl  due  to  coag- 
ulase-negative  Slaphylococcus  affected  6  of  the  infants 
suctioned  every  4  hours  and  3  of  the  infants  suctioned 
every  8  hours  (all  survived).  GNB  was  responsible  for  6 
B.Sls  in  those  suctioned  every  4  hours  ( 1  case  P  aerugi- 
nosa. 2  cases  E  cloacae,  2  cases  K  pneumoniae.  1  case  E 
coli)  and  1 1  in  those  suctioned  every  8  hours  (5  cases  P 
aeruf^inosa,  3  cases  K  pneumoniae,  3  cases  E  coli).  VAP 
was  diagnosed  in  5  of  those  suctioned  every  4  hours  and  in 
9  of  those  suctioned  every  8  hours.  P  aeruginosa  was  the 
pathogen  identified  in  8  cases  (all  died),  K pneumoniae  in 
3  cases  (all  sur\i\ed).  E  cloacae  in  2  cases  (all  survived). 


Table  2.       Outcome  Variables 


Table  .1.       Nosocomial  Inleclions.  Primary  Pathogens 


Suctioning 

Frequency* 

Every  4  hours 

Every  8  hours 

P 

Patients  (n) 

90 

90 

Suctionings/palient/clay  (n)t 

6  ±0.7 

4  ±0.7 

(l.OOl 

Reintubations/patient  (n)t 

3  ±.3 

3  ±2 

().2S 

Reintubations/lOO  ventilator 

11 

10 

0.74 

days (h) 

Patients  with  postural 

23 (26) 

22(24) 

(l,4h 

drainage  (;i  and  '/r ) 

BSI  due  to  Gram-positive 

12 

8 

0.14 

cocci  (n) 

BSI  due  to  Gram-negative 

6 

11 

0.10 

bacilli  (h) 

BSI  due  to  fungus  (h)+ 

0 

2 

n^sn 

Ventilator-associated 

5 

9 

0.16 

pneumonia  (n) 

Survivors  discharged  home 

43(53) 

46 (60) 

0.24 

on  0,  (n  and  %) 

Suctioning  Frequency 

Blood  Stream 
Intection 

Ventilator- 
Asst)ciatod 
Pneumonia 

Every 

4  ' 

Every 

X 

Every 

4 

Every 

8 

hours 

hours 

hours 

hours 

Pseudomonas  aeruginosa* 

1 

5 

3 

5 

KU-hsiella  pneumoniae 

1 

3 

1 

2 

Enlerobacter  rloactic 

2 

0 

1 

1 

Escherichia  cali 

1 

3 

0 

1 

Candida  allyiean\ 

0 

-) 

0 

0 

Slaphxldcocciis  epidennidi\  and             6 

3 

0 

0 

Staphylococcus  honiinis 

Slaphylococcus  aureus 

.<; 

1 

0 

0 

Enlerococcus  faecalis 

1 

3 

0 

0 

Multiple  organisms 

0 

1 

0 

0 

Total 

18 

21 

.i 

9 

*  Epidemic. 

Values  :ire  mean  ±  SD  unless  otherwise  specified. 

'Plus  us.needcd. 

tEvaluiiled  with  I  test. 

BSI  =  Mood  stream  infection. 

^EvalualeJ  with  Fisher's  e^act  lest. 

Values  not  evaluated  with  I  test  or  Fisher's  exact  test  were  evaluated  with  chi-square  test 


and  E  coli  in  1  case  (died).  Nosocorriial  BSI  and  VAP 
cases  due  to  P  aeruginosa  occulted  during  an  8-monlh 
outbreak  that  started  shortly  before  changing  the  endotra- 
cheal suctioning  regimen.  There  were  2  candidemia  cases 
among  those  suctioned  e\ery  8  hours. 

Considering  the  entire  group  of  patients.  43  (48rf )  of 
those  suctioned  every  4  hours  and  46  (5Kt )  of  those  suc- 
tioned every  8  hours  were  on  supplemental  o.xygen  at  36 
weeks  post-conceptional  age.  At  the  time  of  discharge 
home,  the  number  of  infants  on  oxygen  was  43  (53%)  in 
those  suctioned  every  4  hours  and  46  (60'/r)  in  those  suc- 
tioned every  8  hours  (see  Table  2). 

Discussion 

•Shortly  after  intubation,  the  inside  of  the  endotracheal 
tube  colonizes  with  oropharyngeal  or  respiratory  tlora.  Most 
bacteria,  especially  slime-producing  species,  develop  a  bio- 
film  that  supports  the  persistence  of  a  substantial  number 
of  microorganisms.  Bacterial  colonization  of  the  respira- 
tory tract  of  the  tnechanicalls  ventilated  VLBW  infant  is 
an  issue  aside  from  the  incidence  of  niisocomial  infection. 
Previous  studies  ha\e  show n  that  airway  colonization  w ith 
GNB  associates  with  lung  itijury  in  baboons"*  and  w  ilh  the 
severitv  of  BPF^  in  humans.''  Re|x\ited  endotracheal  suc- 
tionings. particularl)  alter  saline  instillations,'"  could  dis- 
lodge bacteria  into  the  trachea-'  and  lower  respiratory  sys- 
tem. Although  the  pathogenesis  is  still  uncertain,  it  is 
possible  that  lung  hyperintlation  (ie,  bagging)  facilitates 
hematogenous  dissemination  of  bacteria  present  in  the 
lower  airwavs  and  alveoli.-'  .Althouszh  the  number  of  suc- 
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tioiiiiiLis  pci  \ciUil.iUir  da)  in  this  siiulv  was  Mi:Milii.-,iiill> 
less  among  those  suctioned  every  S  luniis,  the  incidence, 
type,  and  pattern  ot  air\\a\  bacterial  culniii/aiuin  was  imi 
dilTerent  tor  the  2  treatment  groups 

Bloodstream  infection  and  VAI'.  the  mosi  comimiom  iios 
tKomial  inlections  among  NI("L'  patients,  are  strongly  as- 
sociated with  duration  ot  mcciianical  \entilation,  infant 
birthweight.  duralioii  ol  hospital  sias .  and  the  presence  ot 
indwelling  arterial  and  \enous  catheters.''  "'  The  higher 
occurrence  of  nosocomial  BSI  and  VAP  in  those  intants 
suctioned  every  8  hours  is  attributable  to  a  /*  iuriiiiiiwsa 
epidemic  that  started  shortly  before  the  change  to  the  e\- 
ery-S-hours  suctioning  regimen.  Except  during  the  epi- 
demic, the  rale  of  nosocomial  infections  (BSI  and  pneu- 
monia) did  not  appear  to  be  affecled  b\  ilic  change  in 
suctioning  frequeiic\. 

Secretion  occlusion  o{  the  ciuloirachcal  lube  and  acci- 
dental tube  dislodgenient  arc  the  most  common  reasons  for 
reintubalion.  That  suctioning  frequency  can  be  lowered 
svithout  increasing  the  frequency  of  reintubation  suggests 
that  respiratory  secretions  can  be  successfully  nianagcil 
with  an  every-8-hour  suctioning  regimen.  Considering  the 
si/e  of  our  patients,  the  se\erit\  of  their  Bl^D.  and  the 
duration  iif  their  mechanical  \entilalion.  it  is  not  surjirising 
that  almost  one  fourth  of  the  patients  in  both  treatment 
groups  required  some  chest  physical  therapy  (postural 
drainage)  during  hospitalization.  Since  there  v\as  no  dif- 
ference betv\een  the  treatment  groups  in  the  need  for  pos- 
tural drainage,  it  can  be  infened  that  segmental  atelectasis 
occurred  with  similar  frequency  in  biith  treatment  groups. 

Tracheal  intubation  interrupts  the  transport  of  respira- 
tory secretions  up  the  mucociliary  escalator,  allowing  mu- 
cus accumulation  and  inspissation  w  ithin  the  endotracheal 
tube,  leading  to  partial  or  complete  tube  obstruction.  Thus. 
endotracheal  suctioning  helps,  in  some  cases,  to  maintain 
an  unobstructed  airway.  Few  studies  dealing  with  endo- 
tracheal tube  occlusion  in  neonates-"^  -"  were  done  before 
the  availability  of  exogenous  surfactant  and  modern  ven- 
tilator technology.  Visible  secretions  in  the  endotracheal 
tube,  acute  oxygen  desaturations.  change  in  quality  of  breath 
sounds,  and  quantitative  and  qualitative  changes  in  respi- 
ratory secretions  constitute  objective  criteria  for  endotra- 
cheal suctioning.''  There  is  consensus  that  routine  suctit)n- 
ing  is  no  longer  justified  and  that  suctioning  frequency 
should  be  indi\iduali/ed. "-**-''  A  survey  of  pediatric  in- 
tensive care  nurses,  however,  found  that  though  76%  of  82 
respondents  agreed  with  the  concept  of  "as  needed"  endo- 
tracheal suctioning,  almost  half  of  them  reported  suction- 
ing their  intubated  patients  routinely  every  2  hours. '"  This 
contradiction  between  knowledge  and  practice  may  be  ex- 
plained by  nursing  preference  for  routine  orders,  and  high- 
lights the  need  tor  specific  educational  efforts." 

For  adults  and  infants.'  ^  there  is  abundant  liter. iiurc 
resardint:  svstemic  and  local  adverse  effects  of  ciulotra- 


che.il  suclinniiig.  bill  siirprisingl)  little  is  known  about 
ihcn  picvcnlion.'  Oiii  results  indicate  that  a  substantial 
icdiiclion  in  the  lrec|uency  of  endotracheal  suctioning 
(change  from  every  4  hours  to  every  8  hours,  plus  as 
needed)  can  be  implemented  without  increasing  bacterial 
airv\ay  coloni/ation.  frei|uencv  of  reintubation.  need  for 
postural  ilrainagc,  duration  ot  mechanical  ventilation,  du- 
ration of  hospitali/ation,  incidence  of  VAP,  incidence  of 
nosocomial  M.SI.  severity  of  BPf).  or  neonatal  mortality, 
lo  our  knowledge,  only  one  group  of  investigators  re- 
ported a  sate  decrease  in  frequency  of  endotracheal  suc- 
tioning. That  report,  however,  is  not  comparable  lo  ours. 
since  it  deals  onlv  with  neonates  during  the  llrst  3  days  of 
life,  rather  than  wiih  neonates  undergoing  prolonged  ven- 
lilalion.'-'  Our  stiidv  po|iulalion  was  composed  of  VI, BW 
iiiranis  who  devclopcti  chronic  lung  disease  and  were  at 
higher  risk  for  nosocomial  B.SI.  airway  colonization  with 
(jNB.  and  pneumonia.  Purulent  respiratory  secretions,  one 
of  the  most  commonlv  citei.1  reasons  for  endotracheal  suc- 
tioning, occur  more  often  w  ith  GNB  airway  colonization.-^^ 
However,  for  these  high  risk  VLBW  infants  undergoing 
prolonged  ventilation,  reduced  suctioning  frequency,  over 
a  more  extended  period  than  previously  reported,  can  be 
practiced  without  adversely  affecting  primary  or  second- 
ary outcomes. 

Conclusions 

An  every-8-hoLirs  (plus  as  needed)  endotracheal  suc- 
tioning protocol  can  be  implemented  without  increasing 
adverse  clinical  events  ov  neonatal  mortaliiv.  Endotracheal 
suctioning  should  be  done  as  rarely  as  possible  but  as  fre- 
quently as  needed.  Respiratoiy  and  nursing  care  plans  for 
maintaining  airway  patencv  in  mechanical  I  v  v  entilated  VI  BW 
intants  need  lo  be  updated  based  on  current  know  ledge. 
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An  Evaluation  of  Ventilator  Reliability:  A  Multivariate.  Failure  Time 
Analysis  oi'  5  Coinnion  Ventilator  Brands 

Paul  B  Blanch  RRT 

INTRODl't  "IION:  Mi"cli;inii:il  Miitikitor  lailtiri's  i\posi'  p:ititnts  to  iin:nTipl:ihk'  risks  iind  ;iri'  i\|un- 
si\i'.  |{\  idi'iitifun;;  tailors  that  lorriLiti-  \>itli  the  amount  of  time  htt^tcn  cniisiiutiNc  Nciitilator 
tailuris,  we  mi;;ht  re<hue  patient  risk,  sa\e  money,  and  shed  Ji^ht  on  a  number  of  importimt  questions 
eoneerniny  \^hether  reliahilit>  ehanj;es  as  a  function  of  time.  OH.IIK  IIN  I!:  In\esti(iate  tiie  correlation 
hetween  se\eral  explanatory  \arial)les  and  the  time  between  conseeuti\e  \entilator  failures  and  address 
the  following;  (juestions:  (1)  Are  \entilators  as  safe  and  reliable  followin};  repairs  as  they  were  before 
failing;'.'  (2)  Does  reliabilit>  clian;;e  sijiniflcantly  as  a  \entilator  is  used  or  aj;es?  (3)  Does  a  hospital's 
particular  operating  en\ iromnent  play  a  role  in  \entilator  reliability '.'  (4)  Are  \entilator  ser\ ice  contracts 
worth  the  money?  MKTUODS:  A  retrospective  review  was  conducted  usinj;  repair  and  maintenance 
records  from  2  hospitals:  a  57(t-bed  teaching  hospital  and  a  4l()-bed  local  conmumity  hospital.  Records 
were  examined  from  a  total  of  66  indi>idual  ventilators,  of  5  dilTerent  brands,  used  between  .|ul\  1,  IWI. 
and  .January  3.  2(KH.  The  ventilators  included  13  Tvco-MallincknKlt  Infant  Star,  10  Hird  \  IP.  11  Bird 
MtKIS  1 ,  16  Hird  84(»0S  Ti,  and  16  Tyco-Mallinckrodt  72(l(lae.  Ihe  dependent  \ariabie  was  the  operating 
time  between  or  before  unexpected  mechanical  failures;  this  was  determined  by  the  dilTerence  between 
hours  logged  on  the  \entilator  hour  meter  at  the  time  of  failure  and  that  recorded  when  the  study  began, 
or  when  the  ventilator  was  new.  Thereafter  (when  applicable),  the  lime  before  failure  was  the  difference 
in  hours  at  consecutive  failures.  Seven  independent  explanatory  covariates  were  selected  and  analyzed 
as  potential  correlates  with  lime  between  failures.  Another  independent  variable,  Ihe  site  of  ventilator 
use  (community  or  teaching  hospital),  was  also  tested  for  significance.  Data  were  analyzed  using  the  Cox 
proportional  hazard  model,  the  multiple-groups  survi\al  statistic,  and  Ihe  Cox-Mantel  test.  RKSl  I,  IS: 
In  2,567365  hours  of  ventilator  operation,  290  observations  were  recorded  (226  failures  and  64  censored 
obser\ations).  Two  of  the  7  covariates  were  judged  time-dependent,  excluded  from  the  Cox  model,  and 
e\aluated  using  other  techniques.  Of  Ihe  5  remaining  covariates.  2  were  significantly  related  to  reliabil- 
ity, both  indirectly.  There  was  no  difference  in  reliability,  regardless  of  how  many  times  a  ventilator  had 
been  previously  repaired,  but  hospital  environment  did  significantly  affect  reliability.  CONCLl  SIONS: 
\  entilator  reliability  depends  on  a  number  of  factors.  This  study  indicates  that,  on  a\erage,  ventilator 
reliability  improves  the  more  a  ventilator  is  used  and  the  longer  the  brand  has  been  commercially 
a>ailable.  Ihe  number  of  previous  ventilator  repairs  did  not  afTect  reliability,  but  the  hospital  en\iroti- 
ment  did.  Ihese  data,  if  \alidated,  should  help  to  enhance  our  understanding  of  >  entilator  reliability  and 
could  e\entuall\  ha\e  profound  economic  and  safety  implications  as  well.  Key  words:  ventilator  reliabil- 
ity, ventilator  failure,  ventilator  iiuiinteiumce.  nicchanical  failure.    [Respir  Care  2001;46(8):789-797] 


Introduction 

A  reasonable  estimate  suggests  that  today,  one  third  to 
one  half  of  all  intensi\e  care  unit  patients  receive  sentila- 
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tory  support  during  their  hospital  stays.'  In  the  I'liiiL-d 
Stales  alone.  50, (MM)  mechanical  \entilators  are  current!}. 
HI  use  (  1(K).()(K)  or  more  worldwide).-  Further  estimates 
suggest  ihai  m  the  United  Stales  as  many  as  1,5  million 
patients  reeei\e  some  form  of  \entilatory  support  outside 
of  operating  and  recovery  rooms  each  year.-''  With  so 
many  ventilators  in  use,  a  large  number  of  mechanical 
failures  seems  inevitable. 

Modern  mechanical  ventilators  represent  a  large  capital 
expense  for  most  hospitals  (at  $10,000-30.000  each,  or 
more).-  are  costly  to  repair  (SI. 000  or  more  per  repair).-* 
and  their  maintenance  often  requires  a  considerable  invest- 


Respiratory  Carf.  •  August  2001  Voi  46  No  8 


789 


VUNIILAIOK   Kll.l.\Hll.lT"> 


mciit  ol  umc  aiul  numcs.  Moiv  iiiipiirumll\ .  unexpected 
\eniikiuir  l;iiliiies  expose  the  paiieni  m  potential  harm;  the 
risks  can  be  coiisiderahle/"  While  there  arc  now  some 
(.lata  qiiaiitilying  the  uvcrciifc  reliability  of  several  common 
ventilators.'  there  are  no  data  identifying  which  factors,  if 
any.  are  correlated  with  ventilator  reliability  or  what  hap- 
pens to  reliability  as  a  \enlilator  ages  or  is  used  exlen- 
si\ely.  Unbiased  information  of  this  type  is  important  for 
a  number  of  reasons.  First,  individual  ventilators  or  ven- 
tilator brands  prone  to  failure  represent  poor  investments, 
particularly  over  time.  Moreover,  if  ventilator  reliability 
changes  as  \entilators  age.  an  initially  reliable  brand  may 
become  less  reliable  as  it  ages,  or  vice-versa.  Some  hos- 
pitals attempt  to  avoid  unexpected  repair  costs  as  ventila- 
tors age  by  purchasing  a  service  contract  for  each  venti- 
lator, yet  there  are  no  compelling  data  to  suggest  whether 
such  contracts  actually  save  money.  Another  important 
issue  in\ol\es  determining  how  long,  on  average,  ventila- 
tors can  be  used  safely  before  they  require  replacement.  In 
addition,  ventilator  manufacturers  often  suggest  that  the 
environment  in  w  hich  a  ventilator  is  operated — factors  such 
as  a  hospitaFs  compressed  air  quality  or  the  severity  and 
frequency  of  electrical  power  disruptions — can  strongly 
influence  a  ventilator's  reliability,  but  is  this  accurate? 
Finally,  there  remains  another,  unproven  premise  involv- 
ing mechanical  ventilators,'  which  is  that  administrators, 
clinicians,  and  risk  managers  all  tacitly  assume  that,  fol- 
lowing each  repair,  a  mechanical  ventilator  is  as  safe  and 
reliable  as  it  was  when  new.  Is  this  a  reasonable  and  valid 
assumption?  Or  does  the  risk  of  unexpected  ventilator  fail- 
ure increase  following  one,  two.  or  multiple  failures? 

The  present  study  was  designed  to  analyze  the  relation- 
ship between  ventilator  reliability,  as  measured  by  the  time 
before  failure,  and  a  number  of  independent  variables — 
factors  potentially  related  to  reliability,  such  as  chronolog- 
ical age  and  the  number  of  previous  failures.  The  main 
objective  is  to  shed  light  on  or  answer  directly  some  of  the 
unanswered  questions  involving  the  reliability  of  the  cur- 
rent generation  of  mechanical  ventilators. 

Methods 

The  study  consisted  of  a  retrospective  review  and  anal- 
ysis of  repair  and  maintenance  records  for  5  brands  ot 
mechanical  ventilators  maintained  and  used  at  2  hospitals: 
a  .^7()-bed.  university-affiliated  hospital  with  physician, 
nursing,  pharmacy,  and  respiratory  therapy  training  pro- 
grams, and  a  4l()-bed  community  hospital.  A  total  of  66 
ventilators  were  studied;  13  Tyco-Mallinckrodt  Infant  Star 
(STAR).  10  Bird  VIP  (VIP).  11  Bird  ft4()0ST  l64nOST).  16 
Bird  S4()()STi  (840()STi)  (all  Bird  ventilators  made  by  Ther- 
morespiratory  Group.  Palm  Springs.  California),  and  16 
Tyco-Mallinckrodt  72()Oae  (72()()ae)  (Tyco-Mallinckrodt. 
Carlsbad.  California).  Each  \entilator  was  used  for  some 


portion  of  or  throughout  the  period  beginning  Juls  1.  1991. 
and  ending  January  3.  2001.  Ventilators  of  the  studied 
brands  purchased  during  the  course  of  the  study  were  added 
into  the  study  on  the  date  they  were  placed  into  use.  Once 
in  the  study,  each  ventilator  was  either  ready  for  use  or  in 
use  throughcHit  the  remainder  of  the  study  (except  for  time 
out  for  troubleshiioting.  repairs,  or  calibration).  The  chro- 
nological age  of  each  ventilator  (in  years)  was  determined 
by  using  the  month  and  year  the  ventilator  was  first  avail- 
able for  use  in  the  hospital  as  day  I .  Institutional  repair  and 
maintenance  records  were  obtained  for  each  of  the  studied 
ventilators  and  used  to  determine  the  date  each  ventilator 
was  first  placed  into  service,  the  date  each  reported  failure 
was  noted,  the  total  operating  hours  logged  on  the  hour 
meter  at  the  start  of  the  study  or  when  placed  into  use.  and 
the  hours  logged  the  day  each  failure  was  reported.  For  the 
purpose  of  the  study,  a  failure  was  defined  as  any  unex- 
pected problem  that  rendered  a  ventilator  inoperable  or 
unsafe  to  use  until  it  was  either  repaired  or  recalibrated  by 
a  biomedical  engineer  or  factory-cert i fled  technician.  Doc- 
umented minor  repairs,  often  performed  by  bedside  clini- 
cians, were  excluded.  Using  this  information,  the  depen- 
dent \ariable  (the  time  before  failure,  or  the  number  of 
hours  each  ventilator  operated  before  experiencing  a  fail- 
ure) was  determined.  Because  most  ventilators  experienced 
several  failures  during  the  course  of  the  studv .  the  depen- 
dent variable,  also  included  observations  recorded  as  the 
number  of  hours  a  ventilator  operated  without  incident 
between  consecutive  failures.  For  this  study  the  data  were 
right-censored.  That  is.  at  the  conclusion  of  the  study  it 
was  not  known  how  long  each  ventilator  would  continue 
to  operate  before  failing  (again,  in  most  cases).  For  that 
reason,  the  time  between  the  last  documented  failure  and 
the  conclusion  of  the  study  was  considered  a  censored 
event,  except  for  those  \entilators  awaiting  repairs  when 
the  study  ended. 

There  are  a  number  of  independent  \  ariables  or  co\  ari- 
ates  that  potentially  correlate  with  the  dependent  \ariable: 
a  practical  list,  which  is  neither  complete  nor  exhaustive, 
was  formulated  (Table  1).  Each  of  these  variables  was 
evaluated  separately  for  each  observed  failure  and  then 
analyzed  as  a  prognostic  covariate. 

Manufacturers  provided  ( I )  the  month  and  \  ear  each 
studied  brand  of  ventilator  was  flrst  commercially  avail- 
able. (2)  the  suggested  retail  price  of  a  fully  equipped 
\ersion  of  each  studied  brand  of  ventilator  (including  a 
graphics  monitor  if  applicable),  and  (3)  the  recommended 
preventive  maintenance  retail  costs  (all  in  2001  dollars). 

Statistical  Analysis 

To  determine  lrequeiic\  distnbuiion  best  describing  the 
studv  data,  the  data  were  compared  against  the  4  common, 
nonlinear,  distribution  models  generally  associated  with 
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Tahic  I .      Definilion  of  Prognostic  Viiriablos 


1.  Age 

2.  Brand 

3.  Purchase  price 


4.  Failures 

5.  Maintenance  cost 


6.  ProtlucI  age 

7.  Site 

8.  Use 


Ventilator  chronological  age.  measured 

in  years  of  use 
Ventilator  brand  (eg.  VIP  or  STAR) 
Suggested  rclail  cost  |2(K)1  dollars)  for 

a  full) -equipped  version  of  a 

venlilalor  brand,  including  a  graphic 

monitor  if  applicable 
Number  of  previous  failures/repairs 
Suggested  retail  cost  (2(X)I  dollars)  for 

preventive  maintenance  of  a 

ventilator  brand  each  lO.tXM)  hours 

ot  usage 
Number  of  years  since  a  specific 

ventilator  brand  was  firsi  released 

for  sale 
Site  of  venlilalor  use — comimiiillv  or 

teaching  hospital 
Ventilator  use,  measured  in  hours  of 

operation 


1.  lailiML-s  ihal  (Kciiircil  II)  the  lirsl    15.0()()  hours  of 

VCMlll.llnr  npci.llliMl  I  llscl. 

2.  lailiiivs  that  ucciiiivd  in  ihc  lime  pcrioii  Iroiii  15.001 
to  .M).()()0  hours  ol  venlilalor  operation. 

^.  laikircs  thai  occurred  after  30,001  hours  ol"  vcntilalor 
operation. 

For  each  of  ihc  .S  venlilalor  brands,  ihc  lime  belore 
lailiiic  in  each  ol  ihesc  3  groups  was  compared  against 
each  olhcr  iiroiip,  iisini;  ihe  survival  statistic  for  niiilliple 
groups.  When  differences  were  noted,  multiple  compari- 
sons were  performed  using  the  Cox-Mantel  test. 

Throughout  the  statistical  analysis,  a  was  set  at  O.O.'S  for 
statistical  significance.  All  descriptive  statistics,  hypothe- 
sis testing,  and  graphical  analysis  were  performed  with 
coinmercialiy-available  software  (.STATl.STICA  for  Win- 
dows, version  5.5A,  Stat.Sofl.  Tulsa.  Oklahoma). 

Results 


survival  or  time  before  failure  data.  Because  time  before 
failure  data  sets  generally  assume  a  nonlinear  frequency 
distribuiion  .iini  contain  censored  observations,  correla- 
tions were  tested  for  using  the  standaixl  Cox  proportional 
hazard  multiple  regression  model.''"  This  particular  ap- 
proach is  exceptionally  practical  for  such  data  .sets  because 
it  makes  no  assumptions  concerning  the  underlying  fre- 
quency distribution  of  the  data.  The  standard  Cox  model, 
however,  assumes  that  each  prognostic  covariate  incorpo- 
rated into  the  model  satisfies  the  so-called  proportional 
hazard  assumption. "^  The  validity  of  that  assumption  was 
tested  individually  for  each  studied  covariate.  using  the 
log-log  Kaplan-Meier  graphical  approach.^  Covariaies 
judged  as  time-dependent  (not  satisfying  the  proportional 
hazard  assumplion)  were  noted,  omilletl  from  (he  multiple 
regression  model,  and  analyzed  separately. 

The  dichotoiDous  covariate.  site  (see  Table  1 ),  was  also 
omitted  from  the  multiple  regression  model  because  under 
normal  circumsiances  it  does  not  represent  a  variable.  Al- 
though the  location  of  use  nci.s  a  variable  in  this  particular 
study,  as  a  general  rule  ventilators  are  used  only  at  the 
facility  (eg.  hospital  or  medical  center)  owning  them.  .Sig- 
nificance for  this  co\ ariate  was  tested  for  by  separating  Ihe 
time  before  failure  data  into  2  groups,  based  on  the  loca- 
tion of  use  (leaching  or  community  hospital).  A  second 
test  for  significance  was  made  by  remov  ing  any  venlilaioi 
brands,  from  either  group,  not  in  use  at  both  facilities.  The 
hypothesis  that  the  time  before  failure  was  not  different  at 
the  2  study  locations  was  tested  using  the  Cox-Mantel  tesl. 

Based  on  strong  evidence  of  nonparallelism  seen  on  ihe 
relevant  Kaplan-Meier  plots,  both  the  brand  and  use  vari- 
ables were  determined  to  be  lime-dependent.  To  investi- 
gate this  siiualion.  ilala  for  each  of  the  .'^  brands  of  vend- 
lator  were  iliviiled  into  .^  groups,  baseil  on  use; 


During  the  9. .5-year  study,  the  66  study  ventilators  op- 
erated for  a  combined  total  of  2,567,365  hours.  During  that 
period.  290  observations  were  recorded  (Table  2).  The 
average  ventilator  survived  8,857  hours  of  use  before  ex- 
periencing an  unexpected  mechanical  failure.  Table  3  shows 
statistical  data  for  the  7  continuous  study  variables.  The 
study  data  differed  significantly  from  all  of  the  common 
failure  lime  distribution  models  (exponential,  linear  haz- 
ard, and  (iomperlz),^  except  2  weighted  versions  of  the 
decreasing  Weibull  distribution  motlel  (l-'ig.  1). 

Based  on  the  Cox  proporlional  hazard  model,  there  was 
no  significant  ielalionshi|i  between  the  covariaies  failures, 
purchase  price,  maintenance  cost,  and  the  dependent  vari- 
able, time  before  failure.  However,  both  of  the 
variables — chront)logical  age  (p  <  0.0001)  and  product 
age  (p  <  0.0001) — were  strongly  but  inversely  related  to 
the  lime  before  failure.  That  is,  as  the  magnitude  of  either 
of  those  variables  increased,  the  cumulative  frequency  of 
unexpected  failure  decreased. 

Ventilators  used  at  the  community  hospital  were  signif- 
icantly more  reliable  than  those  used  at  the  teaching  hos- 
pital (p  =  0.0004)  when  all  brands  were  compared,  and 
also  significantly  more  reliable  (p  =  0.0003)  when  only 
those  brands  used  at  both  hospitals  were  compared. 

There  were  also  many  significant  differences  noted  when 
the  relationship  between  the  2  time-dependent  covariates,  ven- 
tilator brands  and  use.  were  analyzed  (Fig.  2).  For  several 
venlilalors  (.STAR,  VIP.  and  64(H)ST),  the  time  before  failure 
was  significantly  improved  at  each  of  3  increasing  levels  of 
use  tested.  Tlie  S4(X)STi  improved  dramatically  from  the  first 
lev  el  to  the  secoinl.  but  show  eil  no  difference  thereafter.  Only 
the  72(l()ae  showed  no  tlifference  in  the  lime  before  failure 
between  aiiv  of  ihe  use  levels  lesietl. 
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Table  2.       Vcnlilaloi  Data 


Brand* 

STAR 

VIP 

6400  ST 

7200ae 

8400STi 

Results 

Number  of  ventilators 

13 

10 

11 

16 

16 

66  (Total) 

Failures  (n)  (censored 

46(l.1| 

22(10) 

56(11) 

74(14) 

30(16) 

226  (64)  (Totals) 

obscr\ations) 

Time  before  failurt;.  total  Ih) 

8.303  ±  8.990 

V..^?  ±  7.266 

.5.879  ±6.191 

10.071  ±  9.784 

12.513  ±  10.477 

8.857  ±  8.986  (Mean  i  SD) 

Use  during  study;  average 

(h) 

498.810 

24.V099 

393.881 

857.090 

574.485 

2.567.365  (Total) 

Use/vcntllator/yeart  (h) 

5.119 

4.021 

3.632 

6.522 

5,038 

5.098  (Mean) 

♦Ventilator  brands  and  nianulaclurers  are  descrihL'd  in  the  le\t. 

tBecause  all  ventil.iiDi^  did  iioi  p.iriieipaie  tor  the  enure  study,  averages  were  obtained  by  averaging  the  hours  of  use  divided  by  the  years  of  participation  for 

each  ventilator. 

Table  3.      Continuous  Study  Variables 


Variable 


Variable 
Type 


Mean 


Standard 
Deviation 


Minimum 


Maximum 


Time- 
Dependent 


Age  (y) 

Independent 

6.69 

3.97 

0.08 

17.8 

No 

Failures  (h) 

Independent 

2.52 

2.56 

0 

14 

No 

Maintenance  cost  (S) 

Independent 

2.778.7 

237.96 

2.430 

3.220 

No 

Product  age  (y) 

Independent 

11.13 

3.93 

1.0 

18.1 

No 

Purchase  price  (Si 

Independent 

18.6.50.6 

4.911.5 

10.500 

23.675 

No 

Use  (h) 

Independent 

33,098 

23.060 

44 

103.908 

Yes 

Time  before  failure  (h) 

Dependent 

8.856.9 

8,985.9 

19 

46.585 

NA 

1.0 


(0 

u. 


i- 

o 

c 
> 

o 

c 
o 
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o 

a. 
o 


m 
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Fig.  1.  Cumulative  frequency  distribution  histogram  plotting  a  senes  of  12  equal  intervals  of  time  before 
failure  against  ttie  proportion  of  ventilators  not  having  yet  experienced  a  mechanical  failure  (or  still 
surviving)  within  each  time  interval  dunng  the  study.  The  appropriate  frequency  distribution  model  for  the 
data  is  determined  by  the  best-fit  hazard  function  (insert).  The  actual  hazard  function  plot  (solid  line)  is  not 
statistically  different  (p  =  0.117)  from  a  weighted,  decreasing  Weibull  function  (dotted  line).  A  represen- 
tative decreasing  Weibull  survival  curve  of  the  form 

S(l)  =  ae-"''bt"'-" 


(wherein  S(t)  is  survival  time,  a  and  b  are  parameters  of  the  distribution,  t  =  time,  and  e 
superimposed  on  the  actual  hazard  function. 


2.718)  is  shown 
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Fig.  2.  Average  time  before  ventilator  failure  for  each  of  the  5  ventilator  brands  studied.  Failure  data  for 
each  ventilator  brand  was  subdivided  into  3  groups:  (1 )  failures  occurring  in  the  first  1 5,000  hours  of  use 
(white  columns).  (2)  failures  occurring  between  15,001  and  30,000  hours  of  use  (stippled  columns),  and 
(3)  failures  occurring  after  30,000  hours  of  use  (black  columns).  STAR  Tyco-Mallinckrodt  Infant  Star 
ventilator.  VIP  =  Bird  VIP  ventilator.  6400ST  Bird  6400ST  ventilator.  7200ae  Tyco-Mallinckrodt 
7200ae  ventilator.  8400STi  Bird  8400STi  ventilator.  "  p  •  0.05  compared  to  failures  in  groups  2  and 
3.  t  p  <  0.05  compared  to  group  3. 


Discussion 

The  primary  findings  ot  this  study  are: 

1.  For  the  5  studied  brands  there  was  no  relationsinp 
between  ventilator  reliability  and  purchase  price  iir  main- 
tenance costs. 

2.  There  is  a  strong  but  inverse  relationship  between 
reliability  and  a  studied  ventilator's  age  and  product  age: 
that  is,  on  average,  the  older  a  ventilator  is  and  the  longer 
it  has  been  commercially  available,  the  greater  its  time 
before  failure. 

3.  In  this  study,  the  site  of  use  (the  environment  in 
which  the  ventilator  was  operated)  played  an  important 
role  in  determining  the  time  before  failure. 

4.  These  particular  ventilators  were  just  as  safe  and 
reliable,  regardless  of  how  many  times  they  had  previously 
failed. 

Some  of  the  findings  in  this  study  were  unexpected  and 
contrary  to  conventional  thinking.  For  instance,  while  many 
of  us  are  enticed  by  items  "on  sale."  collectively,  most  of 
us  still  tend  to  believe  that,  as  a  rule,  quality  and  reliability 
are  a  direct  function  of  the  purchase  price.  Clearly,  the 
ventilators  in  this  study  did  not  adhere  to  that  a.xiom.  It  is 
also  interesting  to  note  that  the  prices  paid  for  long-term, 
preventive  maintenance  did  not  influence  reliability.  Thus, 
if  these  ventilators  are  representative,  buying  the  most 
expensive  \entilators  or  paying  more  for  pre\enli\c  main- 


tenance does  not  confer  any  quaiitifialiic  ad\  aniage  in  terms 
of  safety  and  reliabiiily. 

Another  common  tenet  often  applied  to  \entilators  is  the 
belief  that  most  mechanical  devices  experience  failures  on 
an  ever-increasing  basis  as  they  are  used  and  age.-*  For 
example,  most  of  us  believe  that,  compared  to  a  new  car, 
one  with  1  ()(),()()()  miles  on  the  odometer  will  have  more 
frequent  breakdowns.  Figure  3  illustrates  the  failure  rate  of 
the  studied  ventilators  as  they  were  used  and  aged,  depict- 
ing the  average  time  before  failure  versus  total  hours  of 
ventilator  use.  When  this  graph  is  compared  to  the  concept 
of  an  increasing  failure  rate  with  age  and  use,  these  data 
present  a  very  different  picture.  Clearly,  for  the  first  40,000 
hours  of  use  or  8  years  of  use  (a\erage  use/\entilator/year 
was  approximately  5,000  h:  see  Table  2),  these  ventilators 
became  increasiii^ly  reliable.  However,  as  the  superim- 
posed, best-fit  polynomial  model  shows  (see  Fig.  3),  after 
accumulating  over  40,000  hours  of  use  (8  yr).  average 
ventilator  reliability  seems  to  have  reached  a  peak.  Nev- 
ertheless, although  reliabililv  deteriorates  somewhat  be- 
yond 4(),0()()  hours  of  use.  it  is  still  vastly  superior  to  that 
of  a  "new"  ventilator;  this  statement  is  underscored  by 
simply  comparing  the  average  reliability  of  the  ventilators 
with  more  than  7(),0{)()  hours  of  use  to  that  of  relatively 
new  ones  (with  less  than  10,000  hours  of  operation).  Un- 
fortunaleiv.  while  this  information  affords  us  an  under- 
standim:  of  how  ventilator  reliabilitv  mav  chantie  over 


Respiratory  Carh  •  August  2001  Voi  46  No  S 


793 


VENTILATOR  ReI.IABH.HY 


16000 


0-5       5-10      10-15     15-20    20-25    25-30    30-35    35-40    40-45    45-50    50-55    55-60    60-65    65-70     >  70 


Total  Ventilator  Use  (hours  x  1000) 

Fig.  3.  Average  time  before  failure  for  66  mechanical  ventilators  plotted  against  total  ventilator  use.  Failure  data  were 
subdivided  into  15  increments,  starting  with  the  failures  occurring  between  0  and  5.000  hours  of  use:  each  successive 
increment  represents  the  failures  that  occurred  during  the  next  5,000  hours  of  ventilator  use.  except  for  the  final  increment, 
which  represents  all  failures  occurhng  after  70,000  hours  of  ventilator  use.  Use  for  this  group  of  ventilators  averaged 
approximately  5,000  hours/ventilator/year.  Superimposed  is  the  best-fit  polynomial  equation,  fitted  using  the  least  squares 
technique. 


lime,  it  does  iiol  ansvser  the  question  ol  how  long  venti- 
lators can  be  used  safely-  Hovve\er.  the  information  does 
represent  good  news  for  cost-conscious  hospital  adminis- 
trators, specifically  those  hoping  to  limit  capital  expendi- 
tures by  not  purchasing  new  ventilators  every  10  years.  In 
fact,  in  today's  cost-conscious  health  care  environment, 
the  common  practice  of  periodically  "trading  in"  ventila- 
tors simply  because  they  are  "old"  might  constitute  a  form 
of  fiscal  irrespi)nsibility.  Based  on  these  data,  it  is  not  an 
unreasonable  approach  to  continue  to  repair,  maintain,  and 
use  mechanical  ventilators  until  they  are  no  longer  cos- 
metically acceptable  or  until  the>  tail  to  pro\  ide  clinicians 
with  the  necessary  alarms  or  modes  required  by  the  hos- 
pital's standard  of  respiratory  care. 

It  is  the  goal  of  an\  multiple  regression  analysis  to  stale 
whether  an\  of  the  studied  covariates  correlate  v\iih  the 
dependent  \ariable:  howe\er.  without  a  way  to  quantify 
the  effect  of  any  significant  co\ariate(s),  the  knowledge  is 
of  limited  practical  value.  The  standard  Cox  model  is  par- 
ticularly useful  because  it  not  only  determines  which  co- 
variates are  significantly  related  to  siir\i\al.  but  can  also 
be  used  to  graphically  display  the  efteci  on  sur\i\al  pro- 
duced by  any  conceivable  level  (or  combination  of  levels) 
of  studied  covariates.  A  series  of  such  graphs  depicting  the 


effects  of  \entilalor  age  and  product  age  on  time  before 
failure  are  nov\  examined. 

When  new  products  are  introduced,  the  phrase  "learning 
curve"  is  often  heard.  The  implication  is  that  at  the  time 
new  products  are  first  released  for  sale,  manufacturers 
possess  \ery  little  data  concerning  the  product's  long-term 
reliability.  As  customers  begin  to  use  these  products,  how- 
ever, they  may  begin  to  experience  failures — often  too 
soon.  If  any  particular  components  appear  to  be  failing  too 
frequently  (especially  during  the  warrant)  period  I.  ethical 
manufacturers  make  an  effort  to  replace  the  faults  com- 
ponent (or  components!  v\iih  a  more  reliable  one.  Recalls 
in  the  automobile  industry  represent  one  example  of  this 
process.  Product  age  was  included  in  this  analysis  to  assess 
whether  this  process  plays  an  important  role  in  \entilator 
reliability.  In  this  regard,  these  data  are  clear  that,  on  av- 
erage, the  longer  a  specific  brand  of  \entilator  has  been  on 
the  market  the  more  reliable  it  becomes  (Fig.  4).  A  pos- 
sible explanation  for  this  finding  is  that  manufacturers 
ensure  that  during  repair  or  periodic  o\  erhaul.  components 
recognized  as  prematurely  failing  are  exchanged  tor  more 
reliable  ones.  Some  manufacturers  freely  acknowledge  this 
process  and  state  that  their  ventilators  will  become  more 
reliable  with  age.'"  This  process  also  helps  to  explain  why. 
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Fig.  4.  Two  graphs  showing  the  effect  on  the  time  before  failure  made  by  purchasing  ventilators  when  they  are  first  released  for  sale 
compared  to  waiting  several  years  before  purchasing.  In  each  instance  the  Cox  proportional  hazard  model  combined  with  user- 
specified  values  for  explanatory  covariates  were  used  to  graph  the  predicted  time  before  failure,  based  on  failure  data  gathered  from 
66  ventilators  used  over  a  period  of  9.5  years.  The  upper  panel  shows  the  reliability  of  a  group  of  the  studied  ventilators  If  they  were 
purchased  when  each  brand  of  ventilator  was  first  released  for  commercial  sale.  The  lower  panel  shows  the  reliability  of  another 
group  of  these  ventilators  if  they  were  purchased  10  years  after  first  being  released  for  commercial  sale.  Each  subplot,  on  both 
graphs,  represents  an  expected  ventilator  reliability  given  a  particular  set  of  covariates.  In  each  subplot  all  explanatory  covariates 
except  chronological  age  and  product  age  were  set  to  the  mean  values  obtained  during  the  study  (see  Table  3).  The  dashed 
horizontal  lines  demarcate  the  point  at  which  half  of  the  ventilators  have  failed.  The  solid  vertical  arrows  point  to  the  expected  hours 
of  use  before  failure  for  each  subplot.  In  the  upper  panel,  when  the  ventilators  are  new  (circles  bottom  line),  both  the  chronological 
age  and  product  age  are  zero.  After  5  years  of  use  (squares,  middle  line),  both  chronological  and  product  age  have  increased  to  5 
years.  After  10  years  of  use  (triangles  top  line),  chronological  and  product  age  have  increased  to  10  years.  In  the  lower  panel,  when 
the  ventilators  are  new  (circles,  bottom  line),  the  chronological  age  is  zero  but  the  product  age  is  10  years.  After  5  years  of  use 
(squares  middle  line),  chronological  age  and  product  age  have  increased  to  5  and  15  years,  respectively.  When  the  ventilators  have 
been  used  for  10  years  (triangles,  top  line),  chronological  and  product  age  have  increased  to  10  and  20  years,  respectively. 
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Fig.  5.  Time  before  ventilator  failure  plotted  against  thie  cumulative  proportion  of  ventilators  not  failing  for  2 
different  groups  of  ventilators.  The  dashed  horizontal  line  demarcates  the  point  at  which  half  of  the  ventilators  in 
either  group  have  failed.  The  vertical  an-ows  point  to  the  expected  hours  of  use  when  50%  of  the  ventilators  have 
failed.  The  first  group  (circles,  bottom  line)  comprised  9  Bird  6400ST  and  7  Bird  8400STi  ventilators  used  only  at 
a  teaching  hospital.  The  second  group  (squares,  top  line)  comphsed  3  Bird  6400ST  and  9  Bird  8400STi  ventilators 
used  only  at  a  community  hospital.  The  time  before  failure  (survival,  top  line)  was  significantly  different  between 
the  groups  (p  ■    0.0003).  Censored  observations  (solid  crosses)  are  represented  in  each  plot. 


as  a  group,  these  ventilators  were  safe  and  reliable  regard- 
less of  how  many  times  they  were  previously  repaired. 
Ironically,  if  we  (the  consumers)  act  on  such  information. 
it  would  defeat  the  entire  process  and  create  a  conundrum. 
Ueveiyone  waited  for  several  years  before  buying  a  newly 
released  ventilator  brand  or  model,  companies  would  re- 
ceive no  feedback  regarding  defects  and  corrective  action 
would  be  delayed.  This  would  slow  product  development 
and  greatly  impact  innovative  manufacturers.  It  would  also 
make  products  more  expensive. 

As  mentioned,  the  predictor  variables  brand  and  use 
were  judged  time-dependent.  This  finding  suggests  that 
some  or  all  of  the  ventilator  brands  must  exhibit  a  time 
before  failure  that  changes  as  a  function  of  time  (use).  A 
breakdown  and  comparison  of  the  failures  by  brand,  dur- 
ing specific  use  intervals  (see  Fig.  2),  clearly  confirms  this 
hypothesis.  For  the  STAR.  VIP.  and  64()0ST  the  time 
before  failure  was  significantly  improved  at  each  level  of 
use  evaluated.  The  8400STi  improved  so  much  from  the 
first  to  second  le\el  that  the  third  level  was  not  different 
from  the  second.  Only  the  7200ae  showed  no  significant 
change  in  reliability,  hut  there  is  a  plausible  explanation  for 
this.  Of  the  5  studied  brands,  the  72(X)ae  was  the  oldest  as  a 
product:  at  completion  of  the  study  the  72(X)ae  had  been  a 
product  for  nearly  18  years,  compiired  to  12  years  for  the 
STAR  and  W(X)ST  and  10  vears  for  the  VIP  and  84()()STi. 


Possibly,  after  so  many  years,  engineers  at  Tyco-Mallinck- 
rodt  were  asked  to  focus  their  attention  on  developing  a  new 
model  ventilator  (the  840?)  or  were  unable  to  disco\er  addi- 
tional improvements  that  impacted  the  7200ae"s  failure  rate. 
The  average  time  before  unexpected  failure  for  a  group 
of  ventilators  represents  information  w  ith  many  practical 
uses.  For  example,  consider  a  facilits  that  uses  each  of  its 
ventilators  an  average  of  5.000  hours  per  year  and  that  has 
a  mean  time  before  failure  of  9.500  hours.  In  this  hypo- 
thetical hospital,  each  ventilator  fails,  statistically  speak- 
ing, approximately  once  for  every  2  years  of  use.  Further- 
more, if  the  average  repair  costs  approximately  SI, 000,'' 
then  repairs  average  approximately  $500/ventilator/year. 
Based  on  this  scenario,  a  service  contract  offered  at  S 1 ,000/ 
ventilator/year*  no  longer  seems  reasonable.  Remember,  a 
service  contract  should  save  you  money — ostensibly  by 
reducing  unexpected  repair  costs — yet  this  conjectural  re- 
spiratory care  department  would  sa\e  nearly  S500/venti- 
lator/year.  by  simply  foregoing  service  contracts.  Possibly 
managers  purchase  these  contracts  only  because  they  be- 
lieve ventilators  tend  to  fail  more  frequently  as  theN  age. 
Based  on  the  performance  of  the  ventilators  we  studied, 
however,  service  contracts  represent  an  insurance  policy  in 
reverse:  each  year  you  pay  the  same  or  higher  premiums, 
yet  each  year  the  insured  \entilators  require  fewer  repairs. 


796 


Resp[r.\t()Ry  Cari;  •  Ai  cu  st  2001  Vol  46  No  8 


VlNTII.ATOR  Rl.l.lAHIl.lTY 


Aiu'llicr  Mirprisiiii;  luuliiii;  \s;is  ili.ii  xcnlihiUns  used  ;il  .1 
ciiiiimuiiii\  lu)s|iit;il  \sciv  mure  reliable  ih.m  iIiosl-  usc\1  .11 
a  ncarb\  icachiiiL!  hospilal.  This  relationship  was  hi>;hl\ 
significani  when  all  \entilati)rs  were  CDnipared  and  also 
when  only  ventilators  of  the  same  brand  were  compared 
(see  Fig.  5).  Unfortunateh .  the  siud\  dcsiiin  did  not  allow 
me  to  isolate  which  factors  played  the  most  important  role 
in  this  finding:  nevertheless,  such  information  could  even- 
tually pro\  ide  a  mechanism  for  saving  considerable  sums 
of  money  by  replicating  the  conditions  that  contributed  to 
the  significantly  better  \entilator  reliability  at  the  commu- 
nity hospital. 

It  is  important  to  note  that  the  66  \entilators  included  in 
this  stud\  represent,  by  definition,  a  convenience  sample. 
Numbers  and  variance  always  strengthen  data  used  for 
performing  regression  analysis,  so  there  is  little  doubt  that 
combining  these  data  with  additional  data  gathered  else- 
where would  fortify  our  understanding  of  ventilator  be- 
ha\ lor  in  general. 

It  is  difficult  to  compare  or  contrast  these  data;  there  are 
few  other  scientific  studies  assessing  ventilator  reliability. 
In  a  related  study.  I  reported  significant  differences  in 
average  rcliabilits  between  the  5  studied  brands  and  spec- 
ulated that  reliability  might  be  improving  as  a  function  of 
time.'  This  study  investigates  both  of  these  in  much  greater 
depth  and  adds  to  our  understanding  of  ventilator  reliabil- 
ity. Watson  and  Maclntyre  reported  that  60  adult  ventila- 
tors used  at  their  institution  experienced  66  failures  over  a 
2  year  period  (33  failures/year,  approximately  0.55  failure/ 
ventilator/year).'  If  we  assume  similar  ventilator  use  rates, 
their  experience  was  similar  to  that  of  the  present  study, 
which  saw  226  failures  in  a  9.5  year  period,  or  23.8  fail- 
ures/year (approximately  0.36  failure/\entilator/year). 
However,  when  comparing,  keep  in  mind  that  the  defini- 
tions of  failure  used  in  the  2  studies  might  not  have  been 
identical.  Fui"thernn)re.  some  of  our  \entilators  did  not 
participate  throughout  the  entire  stud\  (newl\  purchased 
ventilators  were  enrolled  as  the  stud\  progressed),  which 
means  that  the  number  of  ventilator  failures/year  may  be 
even  closer  than  they  already  appear. 


PurchasMig  and  iii.uni.nmng  a  fleet  of  mechanical  ven- 
tilators is  an  expensive  proposition.  How  often  any  spe- 
cific ventilator  brand  fails  has  a  direct  bearing  on  the  long- 
term  cost  of  ownership,  as  well  as  on  patient  safety. 
Unfortunately,  ventilator  reliability  is  multifactorial  and 
probably  changes  as  a  fimclion  of  lime  and  use.  These  data 
indicate  thai  there  are  variables  worth  recording  that  will 
assist  with  elmical  and  financial  decision-making  regard- 
ing mechanical  ventilators.  Information  garnered  by  com- 
bining these  data  w  iih  other  data  collected  elsew  here  could 
eventually  allow  administrators  and  clinicians  to  reduce 
the  risks  associated  with  ventilatory  support  while  con- 
comitantly conserving  precious,  and  seemingly  ever-dwin- 
dling, health  care  dollars. 
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chronic  rnurhidily  ;iihI  nunialii)  in  llic  L'nitcd  Sl;ilcs'  arul 
is  projected  to  rank  lilih  in  2020  as  a  worldwiilc  burden  ot 
disease  according  lo  a  siudx  puhlished  hs  tiie  World  Bank/ 
World  Health  Oryain/alion  (WHO).  ^  el  Ct)PI)  tads  to 
receive  adequate  attention  from  the  health  care  connnuniiy 
and  izovernnieni  olTicials.  With  these  concerns  in  nund,  a 
cominitted  group  ol  scientists  encourasjed  the  United  Stales 
National  Heart,  l.ung.  and  Blood  Institute  (NHLBIl  and 
the  WHO  to  I'orni  the  Global  Initiative  for  Chronic  Ob- 
structive Lung  Disease  (GOLD).  Among  GOLDs  impor- 
tant objectives  are  to  increase  awareness  of  COPD  and  to 
help  the  thousands  of  people  u  ho  suffer  from  this  disease 
and  die  prematurely  from  COPD  or  its  complications. 

The  first  step  in  the  GOLD  program  was  to  prepare  a 
consensus  Workshop  Report.  Global  Stnitefiy  for  the  Di- 
ai;nosi.s.  Mamim'ineiii.  and  Prevention  of  COPD.  The 
GOLD  E.xpert  Panel,  a  distinguished  group  of  health  pro- 
fessionals from  the  fields  of  respiratory  medicine,  epide- 
miology, socioeconomics,  public  health,  and  health  edu- 
cation. re\ ievved  existing  COPD  guidelines  as  well  as  new 
information  on  pathogenic  mechanisms  of  COPD  as  ihcy 
dexelopcd  a  consensus  document.  Many  recommendations 
will  require  additional  study  and  e\aluatii)n  as  the  GOLD 
program  is  implemented. 

A  major  problem  is  the  incomplete  information  about 
ihe  causes  and  prevalence  of  COPD.  especially  in  de\el- 
oping  countries.  While  cigarette  smoking  is  a  major  know  n 
risk  factor,  much  remains  to  be  learned  about  other  causes 
of  this  disease.  The  GOLD  Initiative  will  bring  COPD  lo 
the  attention  of  governments,  public  health  officials,  health 
care  workers,  and  the  general  public,  but  a  concerted  effort 
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b\  all  involved  in  health  care  will  be  necessary  to  control 
this  major  public  health  problem. 
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Introduction 

Chronic  t)bsirucli\e  pulmonary  disease  is  a  major  cause 
of  chronic  morbidity  and  mortality  throughout  the  world. 
COPD  is  currently  the  fourth  leading  cause  of  death  in  the 
world.'  and  further  increases  in  the  prevalence  and  mor- 
tality of  the  disease  can  be  predicted  in  the  coming  de- 
cades. A  unified  international  effort  is  required  to  reverse 
these  trends. 

The  Global  Initiative  for  Chronic  Obstructive  Lung  Dis- 
ease (GOLD)  is  a  collaborative  project  of  the  United  Slates 
NHLBI  and  WHO.  Its  goals  are  lo  increase  awareness  of 
COPD  and  decrease  morbidity  and  mortality  from  this 
disease.  GOLD  aims  lo  improve  prevention  and  manage- 
ment of  COPD  through  a  concerted  worldwide  effort  of 
people  invt)l\ed  in  all  facets  of  health  care  and  health  care 
policy,  and  lo  encourage  a  renewed  research  interest  in  this 
extremely  prevalent  disease. 

The  GOLD  Workshop  Report.  Global  Strategy  for  the 
Diagnosis.  Management,  and  Prevention  of  COPD.  pre- 
sents a  COPD  management  plan  w  ilh  4  components:  ( 1 ) 
assess  and  monitor  disease.  (2)  reduce  risk  factors.  (3) 
manage  stable  COPD.  and  (4)  manage  exacerbations.  The 
Workshop  Report  is  based  on  the  best-validated  current 
concepts  of  COPD  pathogenesis  and  the  available  evi- 
dence on  the  most  appropriate  management  and  preven- 
tion strategies.  It  has  been  developed  by  indiv iduals  with 
expertise  in  COPD  research  and  patient  care  and  exten- 
sively reviewed  by  many  experts  and  scientific  societies. 
Before  its  release  for  publication,  the  Workshop  Report 
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I'ahlc  1.       Description  ot  Levels  ol  Evidence 


Evidence 
Category 


Sources  of  Evidence 


Definition 


Riindiimi/ed  conlrolled  iriaK. 
Rich  bod\  of  data. 


Raiidomi/ed  cuiumllcd  trials 
Limited  bodv  ol  data. 


Nonrandomized  trials. 
Observational  studies. 

Panel  consensus  judgment 


Evidence  is  from  end  points  of  v^ell-designed  randomized  controlled  trials  that 
provide  a  consistent  pattern  of  findings  in  the  population  for  which  the 
recommendation  is  made.  Category  A  requires  a  substantial  number  of 
studies  involving  substantial  numbers  of  panicipanls. 

Evidence  is  from  end  points  of  inters ention  sludies  that  include  onK  a  limited 
number  of  patients,  post  hoc  or  subgroup  analysis  of  randomized  controlled 
trials,  or  meta-analysis  of  randomized  controlled  trials.  In  general.  Category 
B  pertains  when  few  randomized  trials  e,\ist,  they  are  sinall  in  size,  they 
were  undertaken  in  a  population  that  differs  from  the  target  population  of 
the  recommendation,  or  the  results  are  somewhat  inconsistent. 

Evidence  is  from  outcomes  of  unconirolled  or  nonrandomized  trials  or  from 
observational  studies 

This  category  is  used  only  in  cases  where  the  provision  of  some  guidance  was 
deemed  valuable  but  the  clinical  literature  addressing  the  subject  was 
deemed  insufficient  to  justify  placement  in  one  of  the  other  categories.  The 
panel  consensus  is  based  on  clinical  experience  or  knowledge  that  does  not 
meet  the  above-listed  criteria. 


was  reviewed  by  the  NHLBI  and  the  WHO.  This  Execu- 
tive Summary  provides  isey  information  about  COPD;  the 
full  Workshop  Report  provides  more  details. 

In  Section  3.  "Four  Components  of  COPD  Manage- 
ment," levels  of  evidence  are  assigned  to  statements,  where 
appropriate,  using  a  system  developed  by  the  NHLBI  (Ta- 
ble 1).  Levels  of  evidence  are  indicated  in  parentheses 
after  the  relevant  statement,  eg.  "(Evidence  A)." 

Definition  and  Classification  of  Severity 

Definition 

COPD  is  a  disease  state  characterized  by  airflow  limi- 
tation that  is  not  fully  reversible.  The  airflow  limitation  is 
usually  both  progressive  and  associated  with  an  abnormal 
inflammatory  response  of  the  lungs  to  no.xious  particles  or 
gases. 

A  diagnosis  of  COPD  should  be  considered  in  any  pa- 
tient who  has  symptoms  of  cough,  sputum  production,  or 
dyspnea,  and/or  a  history  of  exposure  to  risk  factors  for  the 
disease.  The  diagnosis  is  confirmed  by  spirometry.  The 
presence  of  a  post-bronchodilator  forced  expiratory  vol- 
time  in  the  first  second  (FEV,)  <  80%  of  the  predicted 
value  in  combination  with  an  FEV /forced  vital  capacity 
(FVC)  <  70'f  confirms  the  presence  of  airflow  limitation 
that  is  not  fullv  reversible.  Where  spirometry  is  una\ail- 
able.  the  diagnosis  of  COPD  should  be  made  using  all 
available  tools.  Clinical  symptoms  and  signs,  such  as  ab- 
normal shortness  of  breath  and  increased  forced  expiratory 
time,  can  be  used  to  help  with  the  diagnosis.  A  low  peak 
tlow  is  consistent  witli  COPD,  but  has  poor  specificity 


because  it  can  be  caused  by  other  lung  diseases  and  by 
poor  performance.  In  the  interest  of  improving  the  diag- 
nosis of  COPD,  every  effort  should  be  made  to  provide 
access  to  standardized  spirometry.  Chronic  cough  and  spu- 
tum production  often  precede  the  de\  elopment  of  airflow 
limitation  by  many  years,  although  not  all  individuals  with 
cough  and  sputum  production  go  on  lo  develop  COPD. 

Classification  of  Severity 

For  educational  reasons,  a  simple  classification  oi  dis- 
ease severity  into  4  stages  is  recommended  (Table  2).  The 
management  of  COPD  is  largeh  s\niptoni-dri\en.  and  there 
is  only  an  impelled  relationship  between  the  degree  of  air- 
flow limitation  and  the  presence  of  symptoms.  The  staging, 
therefore,  is  a  pragmatic  apprixich  aimed  at  practical  imple- 
mentation and  should  onl>'  be  regarded  as  an  educational  tool 
and  a  very  general  indication  of  the  approach  to  management. 
■Ml  FEV,  values  refer  to  post-bronchodilator  FEV,. 

Stage  0:  At  Risk.  Charactcrizeii  b\  chronic  cough  and 
sputum  production.  Lung  I'tiiiclion.  as  measured  by  spi- 
rometry, is  still  normal. 

Stage  I:  Mild  COPD.  Characterized  b>  mild  airflow 
limitation  (l-i;V|/FVC  <  70^i  but  FEV,  =:  S(Kr  of  pre- 
dicted) and  iistialls.  but  not  ah\a\s.  b\  chronic  cough  and 
sputum  production.  At  this  stage,  the  individual  nia\  not 
even  be  aware  that  his  or  her  lung  lunclion  is  abnormal. 

Stage  II:  Moderate  COPD.  Characterized  by  worsen- 
ing airflow  lunilalion  (MWr  <  FEV,  <  809f  of  predicted) 
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Table  2.      Classification  of  COPD  by  Severity 


Stage 


I):  At  Risk 


I:  Mild  COPD 


II:  Moderate  COPD 


III:  Severe  COPD 


Characteristics 


Normal  spiromctrv 

Chronic  symptoms  (cough,  sputum  production) 

FEV,/FVC  <  70'7r 

FEV,  a  m7r  of  predicted 

With  or  without  chronic  symptoms  (cough,  sputum  production) 

FEV|/FVC  <  70% 

30%  £  FEV,  <  80%  of  predicted 

(IIA:  50%  s  FEV,  <  80%  of  predicted) 

(IIB:  30%  s  FEV,  <  50%  of  predicted) 

With  or  without  chronic  symptoms  (cough,  sputum  production,  dyspnea) 

FEV|/FVC  <  70% 

FEV,  <  30%  of  predicted,  or  the  presence  of  respiratory  failure.*  or  clinical  signs  of  right  heart 

failure 


COPD  =  chmnic  ohslnjclive  jmlitionars  disease 

FEV,  =  foa-cd  cxpiralor^  volume  in  the  frsl  second 

FVC  =  forced  Vila!  capacily 

•Rcspiialory  failure  =  ancrial  panial  pressure  of  oxygen  <  60  mm  Hg.  wilh  or  wilhoul  aneriai  partial  pressure  of  carbon  dioxide  >  50  mm  Hg  wliile  breathing  air  at  sea  level 


and  usually  the  progression  of  symptoms,  with  shortness 
of  breath  typically  developing  on  exertion.  This  is  the 
stage  at  which  patients  typically  seek  medical  attention 
because  of  dyspnea  or  an  exacerbation  of  their  disease. 
The  division  into  Stages  IIA  and  IIB  is  based  on  the  fact 
that  exacerbations  are  especially  seen  in  patients  with  FEV, 
below  509^  of  predicted.  The  presence  of  repeated  exac- 
erbations has  an  impact  on  the  quality  of  life  of  patients 
and  requires  appropriate  management. 

Stage  HI:  Severe  COPD.  Characterized  by  severe  air- 
flow limitation  (FEV,  <  30%  of  predicted)  or  the  presence 
of  respiratory  failure  or  clinical  signs  of  right  heart  failure. 
Patients  may  have  severe  (.Stage  111)  COPD  even  if  the 
FEV,  is  >  307f  of  predicted,  whenever  these  complica- 
tions are  present.  At  this  stage,  quality  of  life  is  apprecia- 
bly impaired  and  exacerbations  may  be  life-threatening. 

Poorly  rev  ersible  airflow  limitation  associated  w  ith  bron- 
chiectasis, cystic  fibrosis,  tuberculosis,  or  asthma  is  not 
included  except  insofar  as  these  conditions  overlap  with 
COPD.  In  many  developing  countries  both  pulmonary  tu- 
berculosis and  COPD  are  common.  Therefore,  in  all  sub- 
jects with  symptoms  of  COPD.  a  possible  diagnosis  of 
tuberculosis  should  be  considered.  especialK  in  areas  w  here 
tuberculosis  is  known  to  be  prevalent.  In  countries  in  which 
the  prevalence  of  tuberculosis  is  greatly  diminished,  the 
possible  diagnosis  ol  this  disease  is  sometimes  overlooked. 

Pathogenesis 

COPD  is  characterized  by  chronic  intlamiTiation  through- 
out the  airv\ays.  parenchyma,  and  pulmonary  \asculalure. 


Macrophages.  T  lymphocytes  (predominately  CDS"^).  and 
neutrophils  are  increased  in  \arious  parts  of  the  lung.  Ac- 
tivated inflammatory  cells  release  a  variety  of  mediators — 
including  leukotriene  B4.^  interleukin  8.'^-^  tumor  necrosis 
factor-a^^  and  others — capable  of  damaging  lung  struc- 
tures or  sustaining  neutrophilic  inflammation.  In  addition 
to  inflammation.  2  other  processes  thought  to  be  important 
in  the  pathogenesis  of  COPD  are  an  imbalance  of  protein- 
ases and  antiproteinases  in  the  lung,  and  oxidative  stress. 
Inflammation  of  the  lungs  is  caused  by  exposure  to 
inhaled  noxious  particles  and  gases.  Cigarette  smoke  can 
induce  inflammation  and  directly  damage  the  lungs.**  '•* 
Although  fewer  data  are  available,  it  is  likely  that  other 
COPD  risk  factors  initiate  a  similar  inflammatory  pro- 
cess.'^ '"  It  is  believed  that  this  inflammation  can  then 
lead  to  COPD. 

Pathology 

Pathologic  changes  characteristic  of  COPD  are  found  in 
the  central  airways,  peripheral  airways,  lung  parenchyma, 
and  pulmonary  vasculature.  In  the  central  airways — the 
trachea,  bronchi,  and  bronchioles  >  2-4  mm  internal  di- 
ameter— inflammatory  cells  infiltrate  the  surface  epitheli- 
um.'' -"-'  Enlarged  inucus-secreting  glands  and  an  increase 
m  the  number  of  goblet  cells  are  associated  with  mucus 
hypersecretion.  In  the  peripheral  airways — small  bronchi 
and  bronchioles  that  have  an  internal  diameter  <  2  mm — 
chronic  inflammation  leads  to  repeated  cycles  of  injury 
and  repair  of  the  airway  wall.--  The  repair  process  results 
in  a  structural  remodelins:  of  the  airvvav  wall,  with  increas- 
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ing  cDllagen  content  and  scar  tissue  formation  that  narrows 
the  lumen  and  produces  tlxed  airways  obstruction.-' 

Destri'.ction  of  the  lung  parenchyma  in  patients  with 
COPD  typically  occurs  as  centrilobuiar  emphysema.  This 
involves  dilation  and  destruction  of  the  respiratory  bron- 
chioles.-•*  These  lesions  occur  more  frequently  in  the  upper 
lung  regions  in  milder  cases,  but  in  advanced  disease  they 
may  appear  diffusely  throughout  the  entire  lung  and  also 
involve  destruction  of  the  pulmonary  capillary  bed.  An 
imbalance  of  endogenous  proteinases  and  antiproteinases 
in  the  lung,  resulting  from  genetic  factors  or  the  action  of 
inflammatory  cells  and  mediators,  is  thought  to  be  a  major 
mechanism  behind  emphysematous  lung  destruction.  Ox- 
idative stress,  another  consequence  of  intlammation,  may 
also  contribute.-'* 

Pulmonary  \ascular  changes  in  COPD  are  characterized 
by  a  thickening  of  the  vessel  wall  that  begins  early  in  the 
natural  history  of  the  disease.  Thickening  of  the  intima  is 
the  first  structural  change,-^  followed  by  an  increase  in 
smooth  muscle  and  the  infiltration  of  the  vessel  wall  by 
inflammatory  cells.-''  As  COPD  worsens,  greater  amounts 
of  smooth  muscle,  proteoglycans,  and  collagen-**  further 
thicken  the  vessel  wall. 

Pathophysiology 

Pathologic  changes  in  the  lungs  lead  to  corresponding 
physiologic  changes  characteristic  of  the  disease,  includ- 
ing mucus  hypersecretion,  ciliary  dysfunction,  airflow  lim- 
itation, pulmonary  hyperinflation,  gas  exchange  abnormal- 
ities, pulmonary  hypertension,  and  cor  pulmonale.  They 
usually  develop  in  this  order  over  the  course  of  the  disease. 
Mucus  hypersecretion  and  ciliary  dysfunction  lead  to 
chronic  cough  and  sputum  production.  These  symptoms 
can  be  present  for  many  years  before  other  symptoms  or 
physiologic  abnormalities  develop. 

Expiratory  airflow  limitation,  best  measured  through  spi- 
rometry, is  the  hallmark  physiologic  change  of  COPD  and 
the  key  to  diagnosis  of  the  disease.  It  is  primarily  caused 
by  fixed  airway  obstruction  and  the  consequent  increase  in 
airway  resistance.  Destruction  of  alveolar  attachments, 
which  inhibits  the  ability  of  the  small  airways  to  maintain 
patency,  plays  a  smaller  role. 

In  advanced  COPD,  peripheral  airways  t)bstruction,  pa- 
renchymal destruction,  and  pulmonary  vascular  abnormal- 
ities reduce  the  lung's  capacity  for  gas  exchange,  produc- 
ing hypoxemia  and.  later  on.  hypercapnia.  Pulmonary 
hypertension,  which  develops  late  in  the  course  of  COPD 
(Stage  111:  Severe  COPD),  is  the  major  cardiovascular  com- 
plication of  COPD  and  is  associated  with  the  development 
of  cor  pulmonale  and  a  poor  prognosis.^'  The  prevalence 
and  natural  history  of  cor  pulmonale  in  COPD  are  not 
yet  clear. 


Burden  of  COPD 


Kpidemiology 


Most  of  the  information  available  on  COPD  prevalence, 
morbidity,  and  mortality  comes  from  developed  countries. 
Even  in  these  countries,  accurate  epidemiologic  data  on 
COPD  are  ditTicult  and  expensive  to  collect.  Prevalence 
and  morbidity  data  greatly  underestimate  the  total  burden 
of  COPD  because  the  disease  is  usually  not  diagnosed 
until  it  is  clinically  apparent  and  moderately  advanced. 
The  imprecise  and  variable  definitions  of  COPD  have  made 
it  hard  to  quantify  the  morbidity  and  mortality  of  this 
disease  in  developed'"  and  developing  countries.  Mortality 
data  also  underestimate  COPD  as  a  cause  of  death  because 
the  disease  is  more  likely  to  be  cited  as  a  contributory  than 
as  an  underlying  cause  of  death,  or  may  not  be  cited  at 
all.' I 

Prevalence.  In  the  Global  Burden  of  Disease  study  con- 
ducted under  the  auspices  of  the  WHO  and  the  World 
Bank,- '-  the  worldwide  prevalence  of  COPD  in  1990  was 
estimated  to  be  9.34/1 ,000  in  men  and  7.33/1 ,000  in  women. 
However,  these  estimates  include  all  ages  and  underesti- 
mate the  true  prevalence  of  COPD  in  older  adults.  The  prev- 
alence of  COPD  is  highest  in  countries  where  cigarette  smok- 
ing has  been,  or  still  is,  very  common,  whereas  the  prevalence 
is  lowest  in  countries  where  smoking  is  less  common  or  total 
tobacco  consumption  per  individual  is  low. 

Morbidity.  The  limited  data  that  are  available  indicate 
that  morbidity  due  to  COPD  increases  with  age  and  is 
greater  in  men  than  women.'  COPD  is  responsible  for  a 
substantial  part  of  physician  visits,  emergency  department 
visits,  and  hospitalizations. 

Mortality.  COPD  is  currently  the  fourth  leading  cause 
of  death  in  the  world,'  and  further  increases  in  the  prev- 
alence and  mortality  of  the  disea.se  can  be  predicted  in  the 
coming  decades.- '-  In  the  United  States,  COPD  death  rates 
are  very  low  among  people  younger  than  45  years  of  age 
but  then  increase  with  age.  and  COPD  becomes  the  fourth 
or  fifth  leading  cause  of  death  among  those  over  45.' 

Economic  and  Social  Burden  of  COPD 

Table  3  provides  an  understanding  of  the  relati\e  eco- 
nomic burden  of  COPD  m  4  countries  vv  ith  Western  styles  of 
medical  practice  and  social  or  private  insurance  structures. 
Similar  data  from  de\eloping  countries  are  not  available. 

The  Global  Burden  of  Disease  study-  "-  estimated  the 
fraction  of  mortality  and  disability  attributable  to  major 
diseases  and  injuries,  using  a  composite  measure  of  the 
burden  of  each  health  problem,  the  disability-adjusted  lite 
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Table  3.      Four-Coumry  Comparison  ol  C'UPU  Dircci  and  Indirect  Costs 


Direct  Cost 

Indirect  Cost 

Total 

Per  Capita* 

Couniry 

Year 

(USS  Millions) 

(USS  Millions) 

(USS  Millions) 

(USS) 

L'niled  Kingdom" 

1996 

778 

3.312 

4.090 

6S 

The  NolhcrUinds" 

1993 

256 

N/At 

N/At 

N/At 

Sweden" 

190! 

179 

281 

460 

60 

United  States' 

1993 

14.700 

9.200 

23.900 

87 

COPD  =  chronic  ohMniclivc  pulmonar>  disease 

•Per  cupilu  viiluulion  baseJ  on  1*W3  pupululion  cslimales  from  (he  United  Nations  Population  Council  and  expressed  in  1993  United  States  dollart. 

tNA  =  niM  .i\ailablc;  the  authors  did  not  provide  estimates  of  indirect  costs. 


Near  (ihc  sum  ot  \cars  lost  because  of  pieniature  iiiDrtality 
and  \cars  of  lite  li\e(J  vsiih  ilisability.  adjusted  for  the 
severity  of  disability).  Aceordins:  to  pmjeetious.  COPD 
will  be  the  tilth  leading  cause  of  disability-adjusted  life 
years  lost  worldwide  in  2020  (in  IWO  it  ranked  12th). 
behind  isehetiiic  heart  disease,  major  depression,  traffic 
accidents,  and  cerebrovascular  disease  (Table  4). 

Risk  F"actors 

Risk  factors  Wn  COPD  include  both  host  factors  and 
en\ironmental  exposures,  and  the  disease  usually  arises 
from  an  interaction  between  these  2  types  of  factors.  The 
host  factor  that  is  best  documented  is  a  hereditary  defi- 
ciency of  («-!  antitrypsin.  Other  genes  involved  in  the 
pathogenesis  of  COPD  have  not  yet  been  identified.  The 
major  environmental  factors  are  tobacco  smoke;  heavy 
exposure  to  occupational  dusts  and  chemicals  (\apors.  ir- 


Table  4.       Leading  Causes  of  Disatiility-Adjusted  Life  Years 

(DALYs)  Lost  Worldwide:  1990  and  2020  (Projected) 

Percent  of 


Disease  or  ln|ur\ 


_     ,  Percent  of  „     , 

Rank         ^      ,  Rank  ...      . 

1990         ^""*'  20-'0  ^"'''' 

'             DALYs  DALYs 


Lower  respiratory  infections 

1 

8.2 

6 

3.1 

Diarrheal  diseases 

2 

7.2 

9 

2.7 

Perinatal  period  conditions 

3 

6.7 

11 

2,5 

Unipolar  major  depression 

4 

3.7 

2 

5.7 

Ischemic  heart  disease 

5 

3.4 

1 

5,9 

Cerebrovascular  disease 

6 

2.8 

4 

4.4 

Tutwrculosis 

7 

2,8 

7 

3.1 

Measles 

8 

2.6 

25 

1.1 

Road  traffic  accidents 

9 

2.5 

3 

5.1 

Congenital  anomalies 

10 

2.4 

13 

2  2 

Malaria 

II 

2.3 

19 

1.5 

COPD 

12 

2.1 

5 

4,1 

Trachea,  bronchus,  lung  cancer 

33 

sea.sc 

0.6 

15 

1,8 

COPD  =  chronic  ohstnictivc  pulmonary  di 

tAdapted  from  References  2  and  32.) 

ritants.  fumes);  ami  indoor/outdoor  air  pollution.  The  role 
of  se-\  as  a  risk  factor  for  COPD  remains  unclear.  In  the 
past,  most  studies  showed  that  COPD  prevalence  and  mor- 
tality were  greater  among  men  than  women.-"" -^^  More 
recent  studies' ""'  from  developed  countries  show  that  the 
prevalence  of  the  disease  is  almost  equal  in  men  and  w  omen, 
which  probably  reflects  changing  patterns  of  tobacco  smok- 
ing. Some  studies  have  in  fact  suggested  that  women  are 
more  susceptible  to  the  effects  of  tobacco  smoke  than 
men. '**■■"  This  is  an  important  question  given  the  increas- 
ing rate  of  smoking  among  women  in  both  developed  and 
developing  countries. 

Host  Factors 

Genes.  It  is  believed  that  many  genetic  factors  increase 
(or  decrease)  a  person's  risk  of  developing  COPD,  The 
genetic  risk  factor  that  is  best  documented  is  a  rare  hered- 
itary deficiency  of  a-\  antitrypsin.^-  '=  Premature  and  ac- 
celerated development  of  panlobular  emphysema  and  de- 
cline in  lung  function  occurs  in  many  smokers  and 
nonsmokers  with  the  severe  deficiency,  although  smoking 
increases  the  risk  appreciably.  Other  genes  involved  in  the 
pathogenesis  of  COPD  have  not  yet  been  identified. 

.Airway  Hyperresponsiveness.  Asthma  and  airway  hy- 
perresponsiveness.  identified  as  risk  factors  that  contribute 
to  the  development  of  COPD,-*'*  are  complex  disorders 
related  to  a  luimber  of  genetic  and  environmental  factors. 
How  they  mlluence  the  development  of  COPD  is  unknown. 
Airway  hyperresponsiveness  may  also  develop  after  expo- 
sure to  tobacco  smoke  or  other  environmental  insults  and 
thus  may  be  a  result  of  smoking-related  airways  disease. 

Lung  (Jrowth.  Lung  growth  is  related  to  processes  oc- 
curring duiing  gestation,  birthweight.  and  exposures  dur- 
ing childhood.-"'  ■*"  Reduced  maximal  attained  lung  func- 
tion (as  measured  by  spirometry)  may  identify  individuals 
who  are  at  increased  risk  (ov  the  development  of  COPD. ^' 
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Exposures 

Tobacco  Smokf.  Cisiarette  smokers  hmc  ii  higher  prev- 
aleiK-eot'king-t'uiK-tidnabinirmalitiesand  respiratory  ssnip- 
loms.  a  iireater  annual  rale  of  decUne  in  i-'EV,.  and  a 
higher  death  rate  from  COPD  than  nonsniokers.  Pipe  and 
cigar  smokers  have  higher  COPD  morbidity  and  mortahty 
rates  than  nonsmokers.  although  their  rates  are  lower  than 
those  for  cigarette  smokers."*-  Not  all  smokers  develop 
clinically  important  COPD.  which  suggests  that  genetic 
factors  must  modify  each  individual's  risk.  Passive  expo- 
sure to  cigarette  smoke  may  also  contribute  to  respiratory 
symptoms  and  COPD  hy  increasing  the  lungs'  total  burden 
of  inhaled  particulates  and  gases."' '^'■^■'  Smoking  during 
pregnanes  mas  alsi)  pose  a  risk  for  the  fetus,  by  affecting 
lung  grovMh  and  de\elopment  in  utero  and  possibly  the 
priming  of  the  immune  system. '■"■^'' 

Occupational  Dusts  and  Chemicals.  When  the  expo- 
sures are  sufficiently  intense  or  prolonged,  occupational 
dusts  and  chemicals  (vapors,  irritants,  fumes)  can  cause 
COPD  independently  of  cigarette  smoking  and  increa.se 
the  risk  of  the  disease  in  the  presence  of  concuirent  ciga- 
rette smoking.'*''  Exposure  to  particulate  matter,  irritants, 
organic  dusts,  and  sensitizing  agents  can  cause  an  increase 
in  airway  hyperresponsiveness,^''  especially  in  airways  al- 
ready damaged  by  other  occupational  exposures,  cigarette 
smoke,  or  asthma. 

Outdoor  and  Indoor  Air  Pollution.  High  levels  of  ur- 
ban air  pollution  are  harmful  to  persons  with  existing  heart 
or  lung  disease.  The  role  of  outdoor  air  pollution  in  caus- 
ing COPD  is  unclear,  but  appears  to  be  small  when  com- 
pared with  cigarette  smoking.  Indoor  air  pollution  from 
biomass  fuel,  burned  for  cooking  and  heating  in  poorly 
vented  dwellings,  has  been  implicated  as  a  risk  factor  for 
the  development  of  COPD.'**-''? 

Inrections.  A  history  of  severe  childhood  respiratory 
infection  has  been  associated  with  reduced  lung  function 
and  increased  respiratory  symptoms  in  adulthood.-'''  How- 
ever, viral  infections  may  be  related  to  another  factor  (eg, 
low  birthwcight)  that  itself  is  related  to  COPD. 


The  Four  Components  of  COPD  Management 
Introduction 

An  effective  COPD  management  |-)lan  includes  4  com- 
ponents: (1)  assess  and  monitor  disease,  (2)  reduce  risk 
factors,  (3)  manage  stable  COPD,  and  (4)  manage  exac- 
erbations. The  goals  of  effective  COPD  management  are 
to: 

•  Prevent  disease  progression 

•  Relieve  symptoms 

•  Improve  exercise  tolerance 

•  Improve  health  status 

•  Present  and  treat  ct)mplications 

•  Prevent  and  treat  exacerbations 

•  Reduce  mortality 

These  goals  should  be  reached  with  a  minimum  of  side 
effects  from  treatment,  a  particular  challenge  in  patients 
with  COPD,  in  whom  comorbidities  are  common.  The 
extent  to  which  these  goals  can  be  realized  varies  with 
each  individual,  and  some  treatments  will  produce  benefits 
in  more  than  one  area.  In  selecting  a  treatment  plan,  the 
benefits  and  risks  to  the  individual  and  the  costs,  direct  and 
indirect,  to  the  community  must  be  considered. 

Patients  should  be  identified  before  the  end  stage  of  the 
illness,  when  disability  is  substantial.  However,  the  bene- 
fits of  spirometric  screening,  of  either  the  general  popula- 
tion or  smokers,  are  still  unclear.  Educating  patients  and 
physicians  to  recognize  that  cough,  sputum  production, 
and  especially  breathlessness  are  not  trivial  symptoms  is 
an  essential  aspect  of  the  public  health  care  of  this  disease. 

Reduction  of  therapy  once  symptom  control  has  been 
achieved  is  not  normally  possible  in  COPD.  Further  dete- 
rioration of  lung  function  requires  the  progressive  intro- 
duction of  more  treatments,  both  pharmacologic  and  non- 
pharmacologic.  to  attempt  to  limit  the  impact  of  these 
changes.  Acute  exacerbations  of  signs  and  symptoms,  a 
hallmark  of  COPD.  impair  patients'  quality  of  life  and 
decrease  their  health  status.  .Appropriate  treatment  and  mea- 
sures to  prevent  further  exacerbations  should  be  imple- 
mented as  quickly  as  possible. 

Component  1:  Assess  and  Monitor  Disease 
Key  Points 


Socioeconomic  Status.  There  is  evidence  that  the  risk  of 
developing  COPD  is  inversely  related  to  socioeconomic 
status.''"  It  is  not  clear,  however,  whether  this  pattern  re- 
flects exposures  to  indoor  and  outdoor  air  poll  iilants.  crowd- 
ing, poor  nutrition,  or  other  taciors  that  arc  related  \o  so- 
cioeconomic status.*'^'''* 


■  Diagnosis  of  COPD  is  based  on  a  history  of  exposure 
to  risk  factors  and  the  presence  of  airtlow  limitation  that  is 
not  fully  reversible,  w  ith  or  without  the  presence  of  symp- 
toms. 

•  Patients  w ho  ha\e  chronic  cough  and  sputum  produc- 
tion w  ith  a  history  of  exposure  to  risk  factors  should  be 
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tcslcil  lor  vIuHou  limilalion.  o\cn  it  llios  du  nut  ha\e 
dyspnea. 

•  For  the  diagnosis  and  assessment  of  COPl).  spnuni- 
etry  is  the  gold  standard,  as  it  is  the  must  reproducihle. 
standardized,  and  objective  way  of  measuring  airllow  lim- 
itation. FEV,/FVC  <  TO'^f  and  a  post-bronchodilator  FEV, 
<  80'/(-  of  predicted  confirms  the  presence  of  airfK)w  lim- 
itation that  is  not  fully  reversible. 

■  Health  care  workers  in\ol\ed  in  the  diagnosis  and 
management  of  patients  \\ iih  COPD  should  ha\e  access  to 
spirometry. 

•  Measurement  of  arterial  blood  gases  (ABGs)  should 
be  considered  in  all  patients  with  FEV,  <  40^  of  pre- 
dicted or  clinical  signs  suggesti\e  of  respirator)  failure  or 
right  heart  failure. 

Diagnosis.  .A  diagnosis  of  COPD  (Table  5)  should  be 
considered  in  an\  patient  w  ho  has  cough,  sputum  produc- 
tion, dyspnea,  or  a  history  of  exposure  to  risk  factors  for 
the  disease.  The  diagnosis  is  confirmed  by  an  objective 
measure  of  airflow  limitation,  preferably  spirometry. 

Assessment  of  Symptoms.  Chronic  cough,  usually  the 
first  symptom  of  COPD  to  develop,^"  may  initialh  he 
intermittent,  but  later  is  present  e\ery  day,  often  through- 
out the  day,  and  is  .seldom  entirely  nocturnal.  In  some 
cases,  substantial  airflow  limitation  may  develop  without 
the  presence  of  a  cough.  Small  quantities  of  tenacious 
sputum  are  commonly  raised  by  COPD  patients  after  cough- 
ing bouts.  Dyspnea  is  the  reason  most  patients  seek  med- 
ical attention  and  is  a  major  cause  of  disabilit\  and  anxietN 

Table  5.      Kev  Indicators  for  Considerinc  a  Diaenosis  of  COPD* 


Chronic  cough 


Chronic  sputum 
production 

Dyspnea  that  is 


History  of  exposure 
to  risk  factors, 
especially 


Present  intermittently  or  every  day 
Often  present  throughout  the  day 
Seldom  only  nocturnal 

Any  pattern  of  chronic  sputum  production  ma\ 
indicate  COPD 

Progressive  (worsens  over  time) 

Persistent  (present  every  day) 

Described  by  the  patient  as  "increased  effort  to 

breathe."  "heaviness."  "air  hunger."  or 

"gasping" 
Worse  on  exercise 
Worse  during  respiratory  inlections 

Tobacco  smoke 

Occupational  dusts  and  chemicals 

Smoke  from  home  cooking  and  heating  fuels 


•Consider  chronic  obMructivc  pulmonary'  disease  (COPD)  and  perform  spirome[t>'  if  any  of 
these  indicators  arc  present.  These  indicators  are  not  diagnostic  by  themselves,  but  the 
presence  of  multiple  key  indicators  increases  the  probability  of  a  diagnosis  of  COPD. 
Spirometry  is  needed  to  establish  a  diagnosis  of  COPD. 


associated  with  the  disease.  As  lung  function  deteriorates, 
breath  lessness  becomes  more  intrusive.  Whee/ing  and  chest 
tightness  arc  relatively  nonspecific  symptoms  and  may 
\ar\  belueen  dass  and  over  the  course  of  a  single  da\.  An 
absence  of  wheezing  or  chest  lightness  does  not  exclude  a 
diagnosis  of  COPD. 

Medical  History.  A  detailed  medical  history  of  a  new 
patient  knt)wn  or  thought  to  have  COPD  should  assess: 

•  Exposure  to  risk  factors. 

•  Past  medical  history,  including  asthma,  allergy,  sinusitis 
or  nasal  polyps,  respiratory  infections  in  childhood,  and 
other  respiratory  diseases. 

•  Family  histoi)  of  COPD  or  other  chronic  respiratory 
disease. 

•  Pattern  of  symptom  development. 

■  History  of  exacerbations  or  pre\  ious  hospitalizations  for 
respiratory  disorder. 

•  Presence  of  comorbidities,  such  as  heart  disease  and  rheu- 
matic disease,  that  may  also  contribute  to  restriction  of 
activity. 

•  Appropriateness  of  current  medical  treatments. 

•  Impact  of  disease  on  patient's  life,  including  limitation 
of  acti\ii\.  missed  work  and  economic  impact,  effect  on 
famiK  routines,  and  feelings  of  depression  or  anxiety. 

•  Social  and  family  support  a\ailabie  to  the  patient. 

•  Possibilities  for  reducing  risk  factors,  especially  smok- 
ing cessation. 

Physical  Examination.  Though  an  important  part  of 
patient  care,  a  physical  exaimnation  is  rareK  diagnostic  in 
COPD.  Physical  signs  of  airflow  limitation  are  rarely 
present  until  substantial  impairment  of  lung  function  has 
occuiTed,^'"^-  and  their  detection  has  a  relatively  low  sen- 
sitivity and  specificity. 

Measurement  of  Airflow  Limitation,  To  help  identify 
patients  earlier  in  the  course  of  the  disease,  spirometry 
should  be  performed  for  patients  who  have  chronic  cough 
and  sputum  production  and  a  history  of  exposure  to  risk 
factors,  even  if  they  do  not  have  dyspnea.  Spirometry  should 
measure  the  maximum  volume  of  air  forcibly  exhaled  from 
the  point  of  maximum  inhalation  (FVC)  and  the  volume  of 
air  exhaled  during  the  first  second  of  this  maneuver  ( FEV , ), 
and  the  ratio  of  these  2  measurements  (FEV|/FVC)  should 
be  calculated.  Patients  with  COPD  typically  show  a  de- 
crease in  both  FEV  I  and  FVC.  The  presence  of  a  post- 
bronchodilator  FEV,  <  80*?^  of  the  predicted  value  in 
combination  with  an  FEV, /FVC  <  709^  confirms  the  pres- 
ence of  airflow  limitation  that  is  not  fully  reversible.  The 
FEV, /FVC  on  its  own  is  a  more  sensitive  measure  of 
airflow  limitation,  and  an  FEV, /FVC  <  109c  is  considered 
an  early  sign  of  airflow  limitation  in  patients  whose  FEV, 
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remains  normal  (5  80^r  of  predicted).  This  appmach  to 
defining  airflow  limitation  is  a  pragmatic  one  ui  \iew  ol 
the  fact  that  uni\crsall>  applicable  reference  \ allies  for 
FEV|  and  FVC  are  not  available. 

Assessment  of  Severity.  Assessment  of  severity  fTable 
2)  is  based  on  the  ie\el  of  symptoms,  severity  of  the  spi- 
rometric  abnormality,  and  the  presence  of  compHcations 
such  as  respiratory  failure  and  right  heart  failure. 

Additional  Investij;ati(tns.  For  patients  in  Stage  II:  Mod- 
erate COPD  and  beyond,  the  following  additional  inves- 
tigations may  be  useful. 

•  Bronchodilator  Reversihilin-  Tesiiiii;.  Generally  per- 
formed only  once,  at  the  time  of  diagnosis,  this  test  is 
useful  to  help  rule  out  a  diagnosis  of  asthma,  to  establish 
a  patient's  best  attainable  lung  function,  to  gauge  a  pa- 
tient's prognosis,  and  to  guide  treatment  decisions.  How- 
ever, even  patients  who  do  not  show  a  significant  FEV, 
response  to  a  short-acting  bronchodilator  test  can  benefit 
symptomatically  from  long-term  bronchodilator  treatment. 

•  Gliicocorticnsteroid  Reversibility  Testini^.  The  sim- 
plest, and  potentially  safest,  way  to  identify  patients  most 
likely  to  respond  to  long-term  glucocorticosteroid  treat- 
ment is  with  a  treatment  trial  of  inhaled  glucocorticoste- 
roids  for  6  weeks  to  3  months,  using  as  criteria  for  glu- 
cocorticosteroid reversibility  an  FEV ,  increase  of  200  mL 
and  15%  above  baseline. ^^■^-'  The  response  to  glucocorti- 
costeroids  should  be  evaluated  with  respect  to  the  post- 
bronchodilator  FEV,  (that  is,  the  effect  of  treatment  with 
inhaled  glucocorticosteroids  should  be  in  addition  to  that 
of  regular  treatment  with  a  bronchodilator). 

•  Chest  Radiograph.  A  chest  radiograph  is  seldom  di- 
agnostic in  COPD  unless  obvious  bullous  disease  is  present, 
but  it  is  \  aluable  in  excluding  alternative  diagnoses.  Com- 
puted tomography  (CT)  of  the  chest  is  not  routinely  rec- 
ommended. However,  when  there  is  doubl  about  the  di- 
agnosis of  COPD,  high  resolution  CT  might  help  in  the 
differential  diagnosis.  In  addition,  if  a  surgical  procedure 
such  as  bullectomy  or  lung  volume  reduction  is  contem- 
plated, chest  CT  is  helpful. 

•  Arterial  Blood  Gas  Measurement.  In  advanced  COPD, 
measurement  of  ABGs  is  important.  This  test  should  be 
performed  in  patients  with  FEV,  <  40^0  of  predicted  or 
with  clinical  signs  suggestive  of  respiratory  failure  or  right 
heart  failure.  Clinical  signs  of  respiratory  failure  include 
central  cyanosis,  ankle  swelling,  and  an  increase  in  jugular 
venous  pressure.  Clinical  signs  of  hypercapnia  are  ex- 
tremely nonspecific  outside  of  acute  exacerbations.  Respi- 
ratory failure  is  indicated  by  an  arterial  partial  pressure  of 
oxygen  (P^o,'  <  f""  m"i  ^g.  with  or  without  arterial  partial 
pressure  of  carbon  dioxide  (Paco,)  ^  45  mm  Hg  while 
breathina  air  at  sea  level.  Measurement  of  ABGs  should  be 


obtained  by  arterial  puncture;  finger  or  ear  oximeters  for 
assessing  arterial  oxygen  saturation  (S^o,)  are  less  reliable. 
•  a- 1  Antitrypsin  Deficiency  Screening.  In  patients  who 
develop  COPD  at  a  yt)ung  age  {<  45  years)  or  who  have 
a  strong  family  history  of  the  disease,  it  may  be  valuable 
to  identify  coexisting  a- 1  antitrypsin  deficiency.  This  could 
lead  to  family  screening  and  appropriate  counseling. 

Differential  Diagnosis.  A  major  differential  diagnosis  is 
asthma.  In  some  patients  with  chronic  asthma,  a  clear  dis- 
tinction from  COPD  is  not  possible  using  current  imaging 
and  physiologic  testing  techniques.  In  these  cases,  current 
management  is  similar  to  that  of  asthma.  Other  potential 
diagnoses  are  usually  easier  to  distinguish  from  COPD 
(Table  6). 

Ongoing  Monitoring  and  Assessment 

Monitor  Disease  Progression  and  Development  of  Com- 
plications. COPD  is  usually  a  progressive  disease,  and  a 
patient's  lung  function  can  be  expected  to  worsen  over 
time,  even  with  the  best  available  care.  Symptoms  and 
objective  measures  of  airflow  limitation  should  be  moni- 
tored for  development  of  complications  and  to  determine 
when  to  adjust  therapy. 

Follow-up  visits  should  include  a  discussion  of  new  or 
worsening  symptoms.  Spirometry  should  be  pert'ormed  if 
there  is  a  substantial  increase  in  symptoms  or  a  complica- 
tion. Measurement  of  ABGs  should  he  pert'ormed  in  all 
patients  who  have  an  FEV,  <  409f  of  predicted  or  clinical 
signs  of  respiratory  failure  or  right  heart  failure.  Elevation 
of  the  jugular  venous  pressure  and  the  presence  of  pitting 
ankle  edema  are  often  the  most  useful  findings  suggestive 
of  right  heart  failure  in  clinical  practice.  Measurement  of 
pulmonary  arterial  pressure  is  not  recommended  in  clinical 
practice,  as  it  does  not  add  practical  information  beyond 
that  obtained  from  a  knowledge  of  P.,o,- 

Monitor  Pharmacotherapy  and  Other  Medical  Treat- 
ment. In  order  to  adjust  therapy  appropriately  as  the 
disease  progresses,  each  follow-up  visit  should  include  a 
discussion  of  the  current  therapeutic  regimen.  Dosages  of 
various  medications,  adherence  to  the  regimen,  inhaler  tech- 
nique, effectiveness  of  the  current  regime  at  controlling 
symptoms,  and  adverse  effects  of  treatment  should  be  mon- 
itored. 

Monitor  Exacerbation  History.  Frequency,  severity, 
and  likely  causes  of  exacerbations  should  be  evaluated. 
Increased  sputum  \olume.  acutely  worsening  dyspnea,  and 
the  presence  of  purulent  sputum  should  be  noted.  Severity 
can  be  estimated  by  the  increased  need  for  bronchodilator 
medication  or  glucocorticosteroids  and  hv  the  need  for 
antibiotic   treatment.    Hospitalizations   should   be   docu- 
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Table  6.      DilTercmlal  Diagnosis  of  COPD 


Diagnosis 


COPD 


Asthma 


Congestive  heart  failure 


Bronchiectasis 


Tuberculosis 


Obliteralive  hronchiolitis 


Diffuse  panbronchiolitis 


.Snet'eslivc  realiires* 


Onset  III  mid-life 

Symptoms  slowly  progressive 

Long  smoking  history 

Dyspnea  during  exercise 

Largely  irreversible  airflow  limitation 

Onset  early  in  life  (often  In  childhood) 
Symptoms  vary  from  day  to  day 
Symptoms  at  night/early  morning 
Allergy,  rhinitis,  or  eczema  also  present 
Family  history  of  asthma 
Largely  reversible  airtlow  Imiiiaiinn 

Fine  basilar  crackles  on  auscultation 

Chest  radiograph  shows  dilated  heart,  pulmonary  edema 

Pulmonary  function  tests  indicate  volume  restriction,  not  airllow  limllation 

Large  volumes  of  purulent  sputum 

Commonly  associated  with  bacterial  infection 

Coarse  crackles/clubbing  on  auscultation 

Chest  radiograph  and  computed  tomography  show  bnmchial  dilation,  bronchial  wall  thickening 

Onset  all  ages 

Chest  radiograph  shows  lung  infiltrate  or  nodular  lesions 

Microbiological  confirmation 

High  local  prevalence  of  tuberculosis 

Onset  in  younger  age,  nonsmokers 

May  have  history  of  rheumatoid  arthritis  or  fume  exposure 

Computed  tomography  on  expiration  shows  hypodense  areas 

Most  patients  are  male  and  nonsmokers 
Almost  all  have  chronic  sinusitis 

Chest  radiograph  and  high-resolution  computed  tomography  show  diffuse  small  centrilobular  nodular  opacities 
and  hyperintlation 


COPD  -  chronic  obsiniclive  pulmonan  disease 

•These  features  lend  lo  be  characlenslic  of  die  respective  diseases,  but  do  not  occur  in  every  case.  For  example,  a  person  who  has  never  smoked  may  develop  COPD  (especially  in  the  developing 

world,  where  other  nsk  factors  may  be  more  important  than  cigarette  smoking),  and  a.sthma  may  develop  in  adult  and  even  elderly  patients. 


merited,  including  the  facility,  duration  of  .stay,  and  any 
use  of  critical  care  or  intubation. 

Monitor  Comorbidities.  In  treating  patients  w  ith  COPD, 
it  is  impoilant  to  consider  the  presence  of  conconiilant 
conditions  such  as  bronchial  carcinoma,  tuberculosis,  sleep 
apnea,  and  left  heart  failure.  The  appropriate  diagnostic 
tools  (eg,  chest  radiograph,  electrocardiograph)  should  he 
used  whenever  symptoms  (eg.  hemoptysis)  suggest  one  of 
these  conditions. 

Component  2:  Reduce  Risk  Factors 

Key  Points 

•  Reduction  of  total  personal  exposure  to  tobacco  smoke, 
occupational  dusts,  and  chemicals,  and  indoor  and  outdoor 


air  pollutants  are  important  goals  to  prevent  the  onset  and 
progression  of  COPD. 

•  Smoking  cessation  is  the  single  most  effective — and 
cost-effective — way  to  reduce  the  risk  of  developing 
COPD  and  stop  its  progression  (Evidence  A). 

•  Brief  tobacco  dependence  treatment  is  effecti\e  (Ev- 
idence A),  and  e\er\  tobacco  user  should  be  offered  at 
least  this  treatment  at  every  visit  to  the  health  care  pro- 
vider. 

•  Three  types  of  counseling  are  especiall)  effectix  e:  prac- 
tical counseling,  social  support  as  part  of  treatment,  and  so- 
cial support  arranged  outside  of  treatment  (E\idence  A). 

•  Several  pharmacotherapies  for  tobacco  dependence  are 
available  (E\idence  A),  and  at  least  one  of  these  medica- 
tions should  be  added  to  counseling  if  necessary  and  in  the 
absence  of  contraindications. 
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Table  7.       Slralegies  lo  Help  ihc  Palienl  Willini;  to  Quit  Smoking 


1.  ASK: 

2.  ADVISE: 

3.  ASSESS: 

4.  ASSIST: 


5.  ARRANGE: 


Syslemalically  idcnlity  all  tobacco  users  at  every  visit.  Implement  an  otfice-wide  system  that  ensures  that,  for  every  patient  at 

every  clinic  visit,  tobacco-use  status  Is  queried  and  documented. 
Strongly  urge  all  tobacco  users  to  quit.  In  a  clear,  strong,  and  personalized  manner,  urge  every  tobacco  user  to  quit. 
Determine  willingness  to  make  a  quit  attempt.  Ask  every  tobacco  user  if  he  or  she  is  willing  to  make  a  quit  attempt  at  this 

time  (eg.  within  the  next  .^0  days). 
Aid  the  patient  in  quitting.  Help  the  patient  with  a  quit  plan;  provide  practical  counseling;  provide  intra-treaiment  social 

support;  help  patient  obtain  extra-treatment  social  support:  recommend  use  of  approved  pharmacotherapy  except  in  special 

circumstances:  provide  supplementary  materials. 
Schedule  follow-up  contact,  either  in  person  or  \ia  telephone. 


(Adapted  from  Reference  78.> 


■  F^iogression  of  many  occupationally-induced  respira- 
tory disorders  can  he  reduced  or  contfoilcd  thrtuigh  a  va- 
riety of  strategies  aimed  at  reducing  the  hurden  of  inhaled 
particles  and  gases  (Evidence  B). 

Smoking  Prevention  and  Cessation.  Compiehensive 
tohacco  control  policies  and  programs  with  clear,  consis- 
tent, and  repeated  nonsmoking  messages  should  be  deliv- 
ered through  every  feasible  channel.  Legislation  to  estab- 
lish smoke-free  schools,  public  facilities,  and  work 
environments  should  be  encouraged  by  government  offi- 
cials, public  health  workers,  and  the  public.  Smoking  ces- 
sation is  the  single  most  effective — and  cost-effective — 
way  to  reduce  the  risk  of  developing  COPD  and  stop  its 
progression.  Even  a  brief.  3-minute  period  of  counseling 
to  urge  a  smoker  to  quit  can  be  effective,  and  at  the  very 
least  this  should  be  done  for  every  smoker  at  every  vis- 
i(  75.76  Health  education,  public  policy,  and  information 
dissemination  programs  are  all  vital  components  in  a  com- 
prehensive cessation  effort. 

(Guidelines  for  Smoking  Cessation.  Guidelines  for 
smoking  cessation  were  published  by  the  United  States 
Agency  for  Health  Care  Policy  and  Research  in  1996"  and 
updated  in  2000  by  the  United  States  Public  Health  Ser- 
vice in  Treariiii;  Tohacco  Use  and  Dependence:  A  Clinical 
Practice  Guideline.'"^* 

Smoking  Cessation  Intervention  Process.  The  Public 
Health  Service  Report  recommends  a  5-step  program  for 
intervention  (Table  7),  which  provides  a  strategic  frame- 
work helpful  to  health  care  providers  interested  in  helping 
their  patients  stop  smoking.  Three  types  of  counseling  are 
especialK  effective:  practical  counseling,  social  support  as 
part  of  treatment,  and  social  support  arranged  outside  of 
treatment  (Evidence  A).^'*" 

Pharmacotherapy.  Numerous  effective  pharmacother- 
apies for  smoking  cessation  now  exist  (Evidence  A).^'*'*--'*' 


*  Reprinted  in  Respir  Care  2000:4.'i(  I0i:l2()()-I262. 


Except  in  the  presence  of  special  circumstances,  pharma- 
cotherapv  is  recommended  when  cotinseling  is  not  suffi- 
cient to  help  patients  quit  smoking.  Numerous  studies  in- 
dicate that  nicotine  replacement  therapy  in  any  form 
(nicotine  gum.  inhaler,  nasal  spray,  transdermal  patch,  sub- 
lingual tablet,  or  lozenge)  reliably  increases  long-term 
smoking  abstinence  rates.'"**'  The  antidepressants  bupro- 
pion and  nortriptyline  have  also  been  shown  to  increase 
long-term  quit  rates,  although  fewer  studies  have  been 
conducted  with  these  medications.'"*'*''  The  effectiveness 
of  the  antihypertensive  drug  clonidine  is  limited  by  ad- 
verse effects.*"  Special  consideration  should  be  given  be- 
fore using  phannacotherapy  in  selected  populations:  people 
with  medical  contraindications,  light  smokers  (fewer  than 
10  cigarettes/d).  and  pregnant  and  adolescent  smokers. 

Occupational  PZxposures.  Although  it  is  not  known  how 
many  individuals  are  at  risk  of  developing  respiratory  dis- 
ease from  occupational  exposures  in  either  developing  or 
developed  countries,  many  occupationally-induced  respi- 
ratory disorders  can  be  reduced  or  controlled  through  a 
variety  of  strategies  aimed  at  reducing  the  burden  of  in- 
haled particles  and  gases. '*■'  Emphasis  should  be  on  pri- 
mary prevention,  which  is  best  achieved  by  the  elimination 
or  reduction  of  exposures  to  various  substances  in  the 
workplace.  Secondary  prevention,  achieved  through  epi- 
demiologic surveillance  and  early  case  detection,  is  also  of 
great  impt)rtance. 

Indoor/Outdoor  .\ir  Pollution.  Indiv  iduals  experience 
diverse  indoor  aiul  otildoor  cm  iioiimenls  throughout  the 
day.  each  of  which  has  its  o\\  n  tmiquc  set  of  air  contam- 
inants. .Although  outdoor  and  indoor  air  pollution  are  gen- 
erally thought  of  separately,  the  concept  of  total  personal 
exposure  may  be  more  relevant  for  COPD.  Reducing  the 
risk  from  indoor  and  outdoor  air  pollution  requires  a  com- 
bination of  public  policy  and  protective  steps  taken  by 
individual  patients. 

The  health  care  provider  should  consider  susceptibility 
(including  family  history,  exposure  to  indoor/outdoor  pol- 
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liilioni  till  lmlIi  mdnuliMl  pain.-nl.''''  Those  u ho  aa- ill  hiyh 
risk  shmikl  .iM'ul  \ii;i>nuis  exercise  outddDi's  iliirini;  pol- 
luliun  episinles.  II  various  soliil  fuels  are  used  lor  eookini; 
and  healiiii!.  adequate  ventilation  should  be  eneourajied. 
Persons  with  severe  COPD  should  monitor  public  an- 
nouncements of  air  qualily  and  should  stay  indoors  when 
air  quality  is  poor.  Under  most  circumsiances,  health  care 
providers  should  noi  sujiyest  respiratory  protection  as  a 
method  tor  reducini;  the  risks  ot  ambient  air  pollution.  Air 
cleaners  have  not  been  shown  to  have  health  benelits. 
whether  directed  at  pollutants  generated  by  indoor  sources 
or  at  those  brought  in  with  outdoor  air. 


treaiMient.  depending  on  the  severity  of  the  disease.  The 
management  strategy  is  ba.sed  on  an  individuali/ed  assess- 
ment of  disease  severity  and  response  to  various  therapies. 
Disease  severity  is  determined  by  the  severity  of  symp- 
toms and  awllow  limitation,  as  well  as  by  other  factors, 
such  as  the  frequency  and  severity  of  exacerbations,  com- 
plications, respiratory  failure,  comorbidities  (eg,  cardio- 
vascular disease,  sleep-related  disorders),  and  the  general 
health  status  of  the  patient.  Treatment  depends  on  the  pa- 
tients  educational  level  and  willingness  to  apply  the  rec- 
ommended management,  on  cultural  and  local  conditions, 
and  on  the  availabilitv  of  medications. 


Component  3:  Manage  Stable  COPD 
Key  Points 

■  The  ov  erall  approach  to  managing  stable  COPD  shoidtl 
be  characterized  by  a  stepwise  increase  in  treatment,  de- 
pending on  the  severity  of  the  disease. 

•  For  patients  with  COPD.  health  education  can  plav  a 
role  in  improving  skills,  ability  to  cope  with  illness,  and 
health  status.  It  is  effective  in  accomplishing  certain  goals, 
including  smoking  cessation  (Evidence  A). 

•  None  of  the  existing  medications  for  COPD  has  been 
shown  to  modify  the  long-term  decline  in  lung  function 
that  is  the  hallmark  of  this  disease  (Evidence  A).  There- 
tore,  pharmacotherapy  for  COPD  is  used  to  decrease  sy  mp- 
toms  and  complications. 

■  Bronchodilaior  medications  are  central  to  the  symp- 
tomatic management  of  COPD  (Evidence  A).  They  are 
given  on  an  as-needed  basis  or  on  a  regular  basis  to  pre- 
vent or  reduce  syinptoms. 

•  The  principal  broncht>dilator  trealiiients  are  j^,  '^"'^' 
nisi,  anticholinergics,  theophylline,  and  a  combination  of 
one  or  more  of  these  drugs  (Ev  idence  A). 

•  Regular  treatment  with  inhaled  glucocorticosteroids 
should  only  be  prescribed  for  symptomatic  patients  with 
COPD  who  have  a  documented  spirometric  response  to 
glucocorticosteroids  or  for  those  with  FEV,  <  50%  ot 
predicted  and  repeated  exacerbations  requiring  treatment 
with  antibiotics  or  oral  glucocoilicosleroids  (Evidence  B). 

■  Prokinged  treatment  with  systemic  glucocorticoste- 
roids should  be  avoided  because  of  an  unfavorable  benefit- 
lo-risk  ratio  (Evidence  A). 

•  All  patients  with  COPD  benefit  from  exercise  training 
programs,  improving  with  respect  to  both  exercise  toler- 
ance and  symptoms  of  dyspnea  and  fatigue  (Evidence  A). 

•  The  long-term  administration  of  oxygen  (>  1.5  h/d)  to 
patienis  with  chronic  respiratory  failure  has  been  show  n  to 
increase  survival  (Evidence  A). 

Introduction.     The  overall  approach  to  managing  stable 
COPD  should  be  characterized  bv  a  stepwise  increase  in 


Education.      .Although  patient  education  alone  does  not 

improve  exercise  performance  or  lung  function."''  "''  it  can 
play  a  role  in  improv ing  skills,  ability  to  cope  with  illness, 
and  health  siaius.""  In  addition,  patient  education  is  effec- 
tive in  accomplishing  certain  specific  goals,  including 
smoking  cessation  (Evidence  A).^'  initiating  discussions 
about  and  understanding  of  advance  directives  and  end- 
of-life  issues  (Evidence  B).'"  and  improving  patient  re- 
sponses to  acute  exacerbations  (Evidence  B). ''-•''' 

Education  may  take  place  in  many  settings:  consulta- 
tions with  physicians  or  other  health  care  workers,  home 
care  or  outreach  programs,  and  comprehensive  pulmonary 
rehabilitation  programs.  It  should  be  tailored  to  the  needs 
and  environment  of  the  patient,  interactive,  directed  at 
improving  quality  of  life,  simple  to  follow,  practical,  and 
appropriate  lo  the  intellectual  and  social  skills  of  the  pa- 
tient and  the  caregiver.  The  topics  that  seem  most  appro- 
priate for  an  education  program  to  cover  include:  snn)king 
cessation:  basic  information  about  COPD  and  pathophys- 
iology of  the  disease:  general  approach  to  therapy  and 
specific  aspects  of  medical  treatment;  self-management 
skills;  strategies  to  help  minimize  dyspnea:  advice  about 
when  to  seek  help:  self-management  and  decision-making 
in  exacerbations:  and  advance  directives  and  end-ol-life 
issues. 

Pharmacologic  Treatment.  Pharmacologic  therapy  (Ta- 
ble S)  is  used  to  prevent  and  control  symptoms,  reduce  the 
frequency  aiul  severity  of  exacerbations,  improve  health 
status,  and  inijirove  exercise  tolerance.  None  oi'  the  exist- 
ing medications  for  COPD  has  been  show  n  to  modify  the 
long-term  decline  in  lung  function  that  is  the  hallmark  of 
this  disease  (Evidence  .A).^' '"  ''"  However,  this  should  not 
preclude  efforts  to  use  medications  to  control  symptoms. 

Bronchodilators.  Bronchodilaior  medications  are  cen- 
tral to  the  symptomatic  management  of  COPD  (Evidence 
A)  (Table  9).'"'  ""  They  are  given  either  on  an  as-needed 
basis  for  relief  of  persistent  or  worsening  symptoms,  or  on 
a  regular  basis  to  prevent  or  reduce  symptoms.  Dose-re- 
sponse relationships  using  FEV,  as  the  outcome  are  rela- 
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Table  8.      Therapy  al  Each  Slage  o(  COPD* 


Stage 


All 


0:  Al-Risk 


I:  Mild  COPD 


II;  MoJcrale  COPD 


III:  Severe  COPD 


Characteristics 


Recommended  Treatment 


Chronic  symptoms  (cough,  sputum) 
Exposure  to  risk  factors 
Normal  spirometry 

FEV,/FVC  <  70% 
FEV,  a  80%  of  predicted 
With  or  without  symptoms 

II A:  FEV,/FVC  <  70% 

50%  s  FEV ,  <  80%  of  predicted 
With  or  without  symptoms 

IIB:  FEV|/FVC  <  70% 

30%  £  FEV,  <  50%  of  predicted 
With  or  without  symptoms 


FEV,/FVC  <  70% 

FEV,  <  30%  of  predicted  or 

presence  of  respiratory  failure  or 

right  heart  failure 


Avoidance  of  lisk  factors 

liillucn/a  vaccination 


Short-acting  hronchodilalor  when  needed 


Regular  treatment  w  ith  one  or 

more  bronchodilators 
Rehabilitation 

Regular  treatment  with  one  or 

more  bronchodilators 
Rehabilitation 


Inhaled  glucocorticosteroids  If 
significant  symptoms  and  lung 
function  response 

Inhaled  glucocorticosteroids  if 
significant  symptoms  and  lung 
function  response  or  if  repeated 
exacerbations 


COPD  =  chronic  obslruclive  pulmonary  disease 

•PalienLs  must  be  taughl  how  and  when  to  use  Iheir  trealmenls,  and  treatments  being  prescribed 

should  be  avoided. 

I^V|  =  forced  expirator>  volume  in  the  fist  second 

FVC  =  forced  vital  capacity 


Regular  treatment  with  one  or  more  bronchodilators 

Inhaled  glucocorticosteroids  if  signit~icant  symptoms  and  lung  function 

response  or  if  repeated  exacerbations 
Treatment  of  complications 
Rehabilitation 

Long-term  oxygen  therapy  if  respiratory  failure 
Consider  surgical  treatments 

for  other  conditions  should  be  reviewed.  Beta-blocking  agents  (including  eye  drop  formulations) 


lively  flat  in  all  classes  of  bronchodilators.  Side  effects  are 
pharmacologically  predictable  and  dose-dependent.  Ad- 
verse effects  are  less  likely  and  resolve  more  rapidly  after 
treatment  withdrawal  with  inhaled  than  with  oral  treat- 
ment. When  treatment  is  given  by  the  inhaled  route,  at- 
tention to  effective  drug  delivery  and  training  in  inhaler 
technique  is  essential. 

The  classes  of  bronchodilator  drugs  commonly  used  in 
treating  COPD — /S^  agonists,  anticholinergics,  and  meth- 
ylxanthines — are  shown  in  Table  10.  The  choice  depends 
on  the  availability  of  the  medication  and  the  patient's  re- 
sponse. All  categories  o\'  bronchodilators  have  been  shown 
to  increase  exercise  capacity  in  COPD,  without  necessarily 
producing  significant  changes  in  FEV,  (Evidence  A).'"--'"^ 
Regular  treatment  with  short-acting  bronchodilators  is 
cheaper  but  less  convenient  than  treatment  with  long-act- 
ing bronchodilators.  The  long-acting,  inhaled  j3;  agonist 
saltneterol  has  been  shown  to  improve  health  status  sig- 
nificantly in  doses  of  50  jLig  twice  daily  (Evidence  B).'"*^ 
Similar  data  for  short-acting  fi^  agonists  are  not  available. 
Use  of  inhaled  ipratrt)pium  (an  anticholinergic)  4  litiies 
daily  also  improves  health  status  (Evidence  B)."*^  Theoph- 
ylline is  effective  in  COPD.  but  because  of  its  potential 


toxicity,  inhaled  bronchodilators  are  preferred  when  avail- 
able. All  studies  that  have  shown  efficacy  of  theophylline 
in  COPD  were  done  with  slow-release  preparations. 

Combining  drugs  with  different  mechanisms  and  dura- 
tions of  action  tnight  increase  the  degree  of  bronchodila- 
tion  with  equivalent  or  lesser  adverse  effects.  A  combina- 
tion of  a  short-acting  jSi  agonist  and  the  anticholinergic 
drug  ipratropium  in  stable  COPD  produces  greater  and 
more  sustained  improvements  in  FEV,  than  either  alone 
and  does  not  produce  evidence  of  tachyphylaxis  over  90 
days  of  treatment  (Evidence  A).'"^  "^  Combination  of  a 
j3,  agonist,  an  anticholinergic,  or  theophylline  may  pro- 
duce additional  improvements  in  lung  function"""""- 
and  health  status.""""""'"  Increasing  the  number  of 
drugs  usually  increases  costs,  and  an  equivalent  benefit 
may  occur  by  increasing  the  dose  of  one  bronchodilator 
when  adverse  effects  are  not  a  limiting  factor.  Detailed 
assessments  of  this  approach  have  not  been  carried  out. 

Increasing  the  dose  of  either  a  /3s  agonist  or  an  anticho- 
linergic, especially  when  given  by  a  wet  nebulizer,  appears 
to  provide  subjective  benefit  in  acute  episodes  (Evidence 
B)."-*  Some  patients  may  request  regular  treatment  with 
high-dose,  nebulized  bronchodilators."^  especially  if  they 
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Table  9.      Bronchixlilalors  in  Slabic  COPD 


Bronchudilator  medications  are  central  to  symptom  management  in 
COPD. 

Inhaled  therapy  is  preferred. 

The  choice  between  fi,  aponisi,  .miichdiinergic.  theophylline,  or 

combination  therapy  depends  on  availability  and  individual  response 

in  terms  ol  symptom  reliel  and  ad\erse  effects. 

Bronchodilalors  are  prescnbed  on  an  as-needed  basis  or  on  a  regular 

basis  to  prevent  or  reduce  symptoms. 

Long-acting  inhaled  bronchodilalors  are  more  convenient. 

Combining  bronchodilalors  may  improve  elTicacy  and  decrease  the 

risk  of  adverse  effects,  compared  to  increasing  the  dose  of  a  single 

bronchodi  later. 


COPD  -  chrv>nic  obslnjctivc  pulmonar>  disease 


ha\c  experienced  subjective  benefit  tri)ni  this  irealnient 
during  an  acute  exacerbation.  Clear  scientific  evidence  for 
this  approach  is  lacking,  hut  one  option  is  to  examine  the 
iniprineinenl  in  mean  daily  peak  expiratory  flow  record- 
ing during  2  weeks  of  treatment  in  the  hotne  and  continue 
with  nebuli/er  therapy  if  a  signitlcani  impro\emenl  oc- 
curs."*^ In  general,  nebulized  therapy  for  a  stable  patient  is 
not  appropriate  unless  it  has  been  shown  to  be  better  than 
conventional  dose  therapy. 


Table  10.      Commonly  Used  Bronchodilator  Drugs 


Drug* 

MDI 

Nebulizer 

Oral 

Duration  of 

(Mg)+ 

(mg)t 

(mg)t 

Action  (h) 

^2  agonists 

Fenoterol 

100-200 

0.5-2.0 

— 

4-6 

Salbutamol 

100-200 

2,5-5.0 

4 

4-6 

(albuterols) 

Terbutaline 

250-.S00 

5-10 

5 

4-6 

Formoterol 

12-24 

— 

— 

12-1- 

Salmeterol 

50-100 

— 

— 

12-1- 

Anticholinergics 

Ipratropium 

40-80 

0.25-0.5 

— 

6-8 

bromide 

Oxltroplum 

200 

— 

— 

7-9 

bromide 

Methylxanthines§ 

Aminophylline 

— 

— 

22.5^50 

Variable,  up  to  24 

(SR) 

Theophylline 

— 

— 

1()()-4()(1 

Variable,  up  lo  24 

(SR) 

MDI  =  metered  dose  inhaler 

*No1  all  product-s  arc  available  in  all  countries. 

tt)oses:  ^2  agonists  rctcr  lo  average  dose  given  up  to  4  limes  daily  for  short-acting  and  2 

limes  daily  for  long-acting  prcpanitions,  anticholinergics  arc  usually  given  3— J  times  daily 

{Albuterol  is  a  North  Amencan  genenc  lerm. 

§McthyUanthines  require  dose  titration  depending  on  adverse  effecLs  and  pla-sma  theophylline 

levels. 


(ilucocorticosteroids.  Prolonged  treatment  with  inhaled 
glucocorticosteroids  does  not  modify  the  long-term  de- 
cline in  FF.V,  in  patients  with  COPD,"-*  "'  Regular  treat- 
ment with  inhaled  gliicocurlicosteroids  is  only  appropriate 
for  symptomatic  COri)  patients  with  a  documented  spi- 
romelric  response  ti)  inhaled  glucocorticosteroids  (sec 
Component  I )  or  in  those  with  FEV,  <  SO'/r  of  predicted 
(Stage  IIB:  Moderate  COPD  and  Stage  III:  Severe  COPD) 
and  repealed  exacerbations  requiring  treatment  with  anti- 
biotics or  oral  glucocorticosteroids  (I:\  idence  B),'"  ''•'  The 
dose-respon.se  relationships  and  long-term  safety  of  in- 
haled glucocorticosteroids  in  COPD  are  not  known. 

The  present  guidelines  recommend  a  trial  of  6  weeks  to 
3  months  with  inhaled  glucocorticosteroids  to  identify  pa- 
tients with  COPD  who  may  benefit  from  long-term  in- 
haled glucocorticosteroid  therapy.  Many  existing  COPD 
guidelines  recommend  the  use  of  a  short  course  (2  weeks) 
of  oral  glucocorticosteroids  to  identify  COPD  patients  who 
might  benefit  from  long-term  treatment  with  oral  or  in- 
haled glucocorticosteroids.  There  is  mounting  evidence, 
however,  that  a  short  course  of  oral  glucocorticosteroids  is 
a  poor  predictor  of  the  long-term  response  to  inhaled  glu- 
cocorticosteroids in  COPD.'"'!"' 

Long-term  treatment  with  oral  glucocorticosteroids  is 
not  recommended  in  COPD  (Evidence  A)."^  "''  There  is 
no  evidence  of  long-term  benefit  from  this  treatment.  More- 
over, an  adverse  effect  of  long-term  treatment  with  sys- 
temic glucocorticosteroids  is  stert)id  myopathy."-'*"''  which 
contributes  to  muscle  weakness,  decreased  functionality, 
and  respiratory  failure  in  patients  with  advanced  COPD. 

Other  Pharmacologic  Treatments 

Vaccines.  Influenza  vaccines  can  reduce  serious  illness 
and  death  in  patients  with  COPD  by  approximately  5()9r.'-" 
Vaccines  containing  killed  or  live,  inactivated  viruses  are 
recommended.'"'  and  should  be  given  once  (in  autumn)  or 
twice  (in  autumn  and  winter!  each  year  ( Evidence  A).  A 
pneumococcal  vaccine  containing  23  virulent  serotypes 
has  been  used,  hut  sufficient  data  to  support  its  general  use 
in  COPD  patients  are  lacking  (Evidence  B). '--'-•' 

a-1  Antitrypsin  Augmentation  Therapy.  Young  pa- 
tients with  severe  hereditary  a-1  antitrypsin  deficiency 
and  established  emphysema  may  be  candidates  for  a-1 
antitrypsin  augmentation  therapy.  However,  this  therapy  is 
very  expensive,  is  not  available  in  most  countries,  and  is 
not  recommended  for  COPD  that  is  not  related  to  a-1 
antitrypsin  deficiency  (Evidence  C). 

Antibiotics.  The  use  ol  .iniibiotics,  other  than  in  treating 
infectious  exacerbations  of  COPD  and  other  bacterial  in- 
fections, is  not  recommended  (Evidence  A).'-"''-'' 
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Mucolytic  (Mucokinetit,  Mucorejiulator)  Agents  (am- 

bixixol.crdosteine.carbocysteine.iodinated  glycerol).  Al- 
thouLih  a  few  patients  with  viscous  sputum  may  benefit 
from  mucolslies.'-^  '-■'*  the  overall  henelils  seem  to  be  vers 
small.  Therefore,  the  widespread  use  of  these  agents  can- 
not be  recommended  on  the  basis  of  the  present  e\  idence 
(Evidence  D). 

Antioxidant  .Agents.  Antio.xidants.  in  particular  A'-acc- 
tylcysienie.  have  been  shown  to  reduce  the  frequency  of 
exacerbations  and  could  have  a  role  in  the  treatment  of 
patients  with  recurrent  exacerbations  (Evidence  B). '-''-"- 
Howe\er.  before  their  routine  use  can  be  recommended, 
the  results  of  ongoing  trials  will  have  to  be  carefully  eval- 
uated. 

Inimunoregulat(»rs  (Immunostimulators,  Immuno- 
inoduiators).  A  study  using  an  immunostimulator  in 
COPD  showed  a  decrease  in  the  severity  (though  not  in  the 
frequency)  of  exacerbations,''"  but  these  results  base  not 
been  duplicated.  Thus,  the  regular  use  of  this  therapy  can- 
not be  recommended  based  on  the  present  evidence  (Ev- 
idence B)."-" 

Antitussives.  Cough,  although  sometimes  a  troublesome 
symptom  in  COPD.  has  an  important  protective  role."' 
Thus,  the  regular  use  of  antitussives  is  contraindicated  in 
stable  COPD  (Evidence  D). 

Vasodilators.  In  patients  with  stable  COPD,  inhaled  ni- 
tric oxide  can  worsen  gas  exchange  because  of  altered 
hypoxic  regulation  of  \entilation-perfiision  balance''*'" 
and  thus  is  contraindicated. 

Respiratory  Stimulants.  The  use  of  doxapram.  a  non- 
specific respiratory  stimulant  available  as  an  intravenous 
formulation,  is  not  recommended  in  stable  COPD  (Evi- 
dence D).  Almitrine  bismesylate  is  not  recommended  for 
regular  use  in  stable  COPD  patients  (Evidence  B). '''*'■*" 

Narcotics.  Narcotics  are  contraindicated  in  COPD  be- 
cause of  their  respiratory  depressant  effects  and  potential 
to  worsen  hypercapnia.  Clinical  studies  suggest  that  mor- 
phine used  to  ct)ntrol  dyspnea  may  have  serious  adverse 
effects  and  its  benefits  may  be  limited  to  a  few  sensitive 
subjects.'-"  '■''^  Codeine  and  other  narcotic  analgesics 
shouki  also  be  avoided. 

Others.  Netlucromil.  leukotriene  ruodiliers,  and  alterna- 
tive healing  iiiethotK  (eg.  herbal  medicine,  acupuncture, 
homeopath))  have  not  been  adequately  tested  in  COPD 
patients  and  thus  cannot  be  recommended  at  this  time. 


Nonpharmacologic  Treatments 

Kehahilitation.  The  principal  goals  of  pulmonary  reha- 
bilitation are  to  reduce  syniploms,  improve  quality  of  life, 
and  increase  physical  and  emotional  participation  in  ev- 
eryday activities.  To  accomplish  these  goals,  pulmonary 
rehabilitation  covers  a  range  of  nonpulmonary  problems, 
including  exercise  deconditioning.  relative  social  isolation, 
altered  mood  states  (especially  depression),  muscle  wast- 
ing, and  weight  loss.  Patients  with  COPD  at  all  stages  of 
disease  benefit  from  exercise  training  programs,  improv- 
ing with  respect  to  both  exercise  tolerance  and  symptoms 
of  dyspnea  and  fatigue  (Evidence  A).'-*"  Data  suggest  that 
these  benefits  can  be  sustained  even  after  a  single  pulmo- 
nary rehabilitation  program.'-'''  '■*''  Benefits  have  been  re- 
ported from  rehabilitation  programs  conducted  in  inpa- 
tient, outpatient,  and  home  settings. '■''"''■''- 

Ideally,  pulmonary  rehabilitation  should  involve  several 
types  of  health  professionals.  A  comprehensive  pulmonary 
rehabilitation  program  includes  exercise  training,  nutrition 
counseling,  and  education.  Baseline  and  outcome  assess- 
ments of  each  participant  in  a  pulmonary  rehabilitation 
program  should  be  made  to  quantity  indi\idual  gains  and 
target  areas  for  improvement  and  should  include: 

•  Detailed  medical  history  and  physical  examination. 

•  Measurement  of  spirometry  before  and  after  a  bron- 
chodilator  drug. 

•  Assessment  of  exercise  capacity. 

•  Measurement  of  health  status  and  the  impact  of  breath- 
lessness. 

•  Assessment  of  inspiratory  and  expirators  muscle 
strength  and  lower  limb  strength  (eg.  quadriceps!  in  pa- 
tients who  suffer  from  muscle  wasting  (optional). 

The  first  2  assessments  are  important  for  establishing 
entry  suitability  and  baseline  status,  but  are  not  used  in 
outcome  assessment.  The  last  3  assessments  are  essential 
baseline  and  outcome  measures. 

Oxygen  Therapy.  The  k)ng-temi  adminisu-ation  of  oxy- 
gen (>  15  h/d)  to  patients  with  chronic  respiratory  failure  has 
been  shown  to  increase  sui-\i\al  (E\  idence  A).'-''-'-'''^'''^-'  It 
can  also  have  a  benericial  impact  on  hemodynamics,  hema- 
tologic characteristics,  exercise  capacity,  lung  mechanics,  and 
n-iental  state. '"^^ 

Long-term  oxygen  therap\  is  generally  nitroduced  in 
Stage  III:  Severe  COPD  for  patients  who  have  ( 1 )  P,,o,  ^ 
55  mm  Hg  or  S ,,,,  ^  SS'^f ,  w  ith  or  with(-)ut  hypercapnia,  or 
(2)  P.,o,  between  55  and  60  mm  Hg  or  S^o,  -  89^*,  if  there 
is  evidence  of  pulmonary  hypertension,  peripheral  edema 
suggesting  congestive  heart  failure,  or  pol\c\tliemia  (he- 
matocrit >  55'/r). 

The  goal  of  long-term  oxygen  ihcrapv  is  to  increase 
baseline  P,,,  to  at  least  60  mm  Hg  or  to  produce  S.,„,  of 
at  least  90'r.  which  will  preserse  \ital  organ  function  by 
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eiisLiriiii;  ;uloi.|ii.iic  Jcli\ci\  ol  (ixsycn.  A  iIccImoii  ahoiii 
the  use  ut  jonii-iciin  oxygen  should  be  bascil  on  ihc  wak- 
ing I',,,,  \alu(.-s  riic  prescription  should  al\\a\s  include 
the  source  ol  su|iplcnicntal  owiien  (iias  or  lii|iud).  the 
method  of  delivery,  duration  ol  use,  aiul  the  tlou  at  rest, 
during  exercise,  ant!  ilurint;  sleep. 

Ventilatory  Support.  lo  date  there  is  no  convincing 
e\idence  that  mechanical  \entilator\  support  has  a  role  in 
the  routine  management  ot  stable  C'OI'I). 

Surgical  Tri-atnunts 

Bullectomy.  In  caielullv  selected  patients,  this  proce- 
dure is  ertecti\e  in  reducing  dyspnea  and  improving  lung 
function  (Kvidence  C).'^"  A  thoracic  CT  scan.  ABG  mea- 
surement, and  comprehensive  respiratory  function  tests  are 
essential  before  making  a  decision  regarding  a  patient's 
suitabilitv  for  resection  of  a  bulla. 


ch.inge  ol  color  ol  sputum,  or  le\eri  may  benefit  from 
antibiotic  treatment  (Evidence  B). 

■  Nonin\asive  positive  pressure  ventilation  (NPPV)  in 
acute  exacerbations  improves  blood  gases  and  pH.  reduces 
in-hospital  mortality,  decreases  the  need  for  invasive  me- 
chanical \entilation  and  intubation,  and  decreases  the  length 
of  hospital  stay  ( Evidence  A). 

COPD  is  often  associated  with  acute  exacerbations  of 
symptoms.'"^  '""The  economic  and  social  burden  of  COPD 
exacerbations  is  extremely  high.  The  most  common  causes 
of  an  exacerbation  are  infection  of  the  tracheobronchial 
tree"'"  '^^  and  air  pollution.''-*  but  the  cause  of  approxi- 
mately one  third  of  severe  exacerbations  cannot  be  iden- 
tified.'''^ The  role  of  bacterial  infections,  once  believed  to 
be  the  main  cause  of  COPD  exacerbations,  is  controver- 
j^j;il  i(.'i-i7.i.i76-i78  Conditions  that  may  mimic  an  acute  ex- 
acerbation include  pneumonia,  congestive  heart  failure, 
pneumothorax,  pleural  effusion,  pulmonary  embolism,  and 
arrhvthmia. 


Lung  Volume  Reduction  Surgery.  Although  there  are 
some  encouraging  reports  (Evidence  C).  lung  volume  re- 
duction surgery  is  still  an  unproven  palliative  surgical  pro- 
cedure.''^''''^'* Several  large  randomized  studies  arc  now- 
underway  to  investigate  the  effectiveness  and  cost  ot  lung 
volume  reduction  surgery  in  comparison  to  vigorous  con- 
ventional therapy.'^"  Until  the  results  of  these  studies  are 
known,  lung  volume  reduction  surgery  cannot  be  recom- 
mended for  widespread  use. 

Lung  Transplantation.  In  appropriately  selected  pa- 
tients with  very  advanced  COPD.  lung  transplantation  has 
been  shown  to  improve  quality  of  life  and  functional  ca- 
pacity (Evidence  C). '"'"'''  Criteria  for  refeiTal  for  lung 
transplantation  include  FEV,  <  35%  of  predicted.  P.,q,  < 
55-60  mm  Hg.  P_,co,  >  50  mm  Hg.  and  secondary  pul- 
monary hypertension.'"-* 

Component  4:  Manage  Exacerbations 

Key  Points 

•  Exacerbations  of  respiratory  symptoms  requiring  med- 
ical intervention  are  important  clinical  events  in  COPD. 

•  The  most  common  causes  of  exacerbation  are  infec- 
tion of  the  tracheobronchial  tree  and  air  pollution,  but  the 
cause  of  about  one  third  of  severe  exacerbations  cannot  be 
identified  (Evidence  B). 

•  Inhaled  bronchodilators  (particularlv  inhaled  j^i  ^e^' 
nists  or  anticholinergics),  theophylline,  and  systemic  (pref- 
erably oral)  glucocorticosteroids  are  effective  treatments 
for  acute  exacerbations  of  COPD  (Evidence  A). 

•  Patients  experiencing  COPD  exacerbations  with  clin- 
ical sians  of  airvvav  infection  (ec.  increased  volume  and 


Diagnosis  and  Assessment  of  Severity.  Increased 
brealhlessness.  the  main  symptom  of  an  exacerbation,  is 
often  accompanied  by  wheezing  and  chest  tightness,  in- 
creased cough  and  sputum,  change  of  the  color  or  tenacity 
of  sputum,  and  fever.  Exacerbations  may  also  be  accom- 
panied by  a  number  of  nonspecific  complaints,  such  as 
malaise,  insonmia.  sleepiness,  fatigue,  depression,  and  con- 
fusion. A  decrease  in  exercise  tolerance,  fever,  or  new 
radiologic  anomalies  suggestive  of  pulmonary  disease  may 
herald  a  COPD  exacerbation.  An  increase  in  sputum  vol- 
ume and  purulence  points  to  a  bacterial  cause,  as  does  a 
prior  history  of  chronic  sputum  production.''" 

The  assessment  of  the  severity  of  an  acute  exacerbation 
is  based  on  the  patient's  medical  history  before  the  exac- 
erbation, symptoms,  physical  examination,  lung  function 
tests,  ABG  measurements,  and  other  laboratory  tests.  The 
medical  history  should  cover  how  long  worsening  or  new 
symptoms  have  been  present:  the  frequency  and  severity 
of  brealhlessness  and  coughing  attacks:  sputum  volume 
and  color:  limitation  of  daily  activities:  any  previous  epi- 
sodes/exacerbations and  whether  they  required  hospital- 
ization: and  the  present  treatment  regimen.  When  avail- 
able, prior  measurements  of  lung  function  and  ■•XBGs  are 
extremely  useful  for  comparison  with  those  made  during 
the  acute  episode,  as  an  acute  change  in  these  tests  is  more 
important  than  their  absolute  values.  In  patients  with  very 
severe  COPD,  the  most  important  sign  of  severe  exacer- 
bation is  a  change  in  alertness  of  the  patient,  and  this 
signals  a  need  for  immediate  evaluation  in  the  hospital. 

Lung  Function  Tests.  Even  simple  lung  function  tests 
can  be  ditticult  for  a  sick  patient  to  perforin  properly.  In 
general,  a  peak  expiratory  flow  <  100  L/min  or  an  FEV, 
<  1.00  L  indicates  a  severe  exacerbation."''""*' 
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Assessment  of  Arterial  Blood  Gases.  In  the  hospit;il, 
measurement  of  ABGs  is  essential  to  assess  the  severity  of 
an  exacerbation.  A  P,,o,  <  60  mm  Hg  or  S,,o,  <  909^ 
(when  breathing  room  air)  indicates  respiratory  failure.  In 
addition,  P.,^,,  <  50  mm  Hg.  P,f-o,  >  70  mm  Hg.  and 
pH  <  7.30  point  toward  a  life-threatening  episode  that 
needs  close  monitoring  or  intensive  care  unit  manage- 
ment.'*^ 


Chest  Radi<)};raph  and  Klectrocardiojjraph.  Chest  ra- 
diographs ( posterior/anterior  plus  lateral )  are  useful  in  iden- 
tifying alternative  diagnoses  that  can  mimic  the  symptoms 
of  an  exacerbation.  An  electrocardiograph  aids  in  the  di- 
agnosis of  right  \entricular  hypertrophy,  arrhythmias,  and 
ischemic  episodes.  Pulmonary  embolism  can  be  very  dif- 
ficult to  distinguish  from  an  acute  exacerbation,  especially 
in  se\ere  COPD,  because  right  ventricular  hypertrophy 
and  large  pulmonary  arteries  lead  to  confusing  electrocar- 
diographic and  radiographic  results.  Spiral  CT  scanning 
and  angiography  and  perhaps  spiecific  n-dimer  assays  are 
the  best  tools  presently  available  for  diagnosis  of  pulmo- 
nary embolism  in  patients  with  COPD,  but  ventilation- 
perfusion  scanning  is  of  no  value.  A  low  systolic  blood 
pressure  and  an  inability  to  increase  P^o,  above  60  mm  Hg 
despite  high-flow  oxygen  also  suggest  pulmonary  embo- 
lism. If  there  are  strong  indications  that  pulmonary  embo- 
lism has  occurred,  it  is  best  to  treat  for  this  along  with  the 
exacerbation. 

Other  Laboratory  Tests.  The  whole  blood  count  may 
identify  polycythemia  (hematocrit  >  55%)  or  bleeding. 
White  blood  cell  counts  are  usually  not  very  informative. 
The  presence  of  purulent  sputum  during  an  exacerbation 
of  symptoms  is  sufficient  indication  for  starting  antibiotic 
treatment.  Siri'inococciis  pneumoniae  Hemophilus  influ- 
enzcie,  and  Moni.xella  catarrhalis  are  the  most  common 
bacterial  pathogens  involved  in  COPD  exacerbations.  If  an 
infectious  exacerbation  does  not  respond  to  initial  antibi- 
otic treatment,  a  sputum  culture  and  an  antibiogram  should 
be  performed.  Biochemical  tests  can  reveal  whether  the 
cause  of  the  exacerbation  is  an  electrolyte  disturbance  (eg, 
hyponatremia  or  hypokalemia),  a  diabetic  crisis,  or  poor 
nutrition  (low  proteins),  and  may  suggest  a  metabolic  acid- 
base  disorder. 

Home  Management.  There  is  increasing  interest  in  home 
care  for  patients  with  end-stage  COPD,  although  economic 
studies  of  home  care  services  have  yielded  mixed  results. 
A  major  outstanding  issue  is  when  to  treat  an  exacerbation 
at  home  and  when  to  hospilali/c  the  patient. 

Hronchudilator  Therapy.  Home  management  of  COPD 
exacerbations  imohes  increasing  the  dose  or  frequency  of 
existing  bronchodilator  therapy  (Evidence  A).  If  not  al- 


Table  1 1 .      Indications  for  Hospital  Assessment  or  Admission  for 
Acute  Exacerbations  of  COPD* 


•  Marked  increase  in  intensity  iif  symptoms,  such  as  sudden 
developmeni  of  resting  dyspnea 

•  Severe  background  COPD 

■  Onset  of  new  physical  signs  (eg.  cyanosis,  peripheral  edema) 

■  Failure  of  exacerbalion  to  respond  to  initial  medical  management 

•  Important  comorbidities 

•  Newly  occurring  arrhythmias 

•  Diagnostic  uncertainty 

•  Older  age 

•  Insuftlcient  home  support 


COPD  =  chronic  obstructive  pulnionar>  dj'iease 
*Local  resources  need  to  be  considered. 


ready  used,  an  anticholinergic  can  be  added  until  the  symp- 
toms improve.  In  more  severe  cases,  high-dose  nebulized 
therapy  can  be  given  on  an  as-needed  basis  for  several 
days  if  a  suitable  nebulizer  is  available.  However,  long- 
term  use  of  nebulizer  therapy  after  an  acute  episode  is  not 
routinely  recotiimended. 

Glucocorticosteroids.  Systemic  glucocorticosteroids  are 
beneficial  in  the  management  of  acute  exacerbations  of 
COPD.  They  shorten  recovery  time  and  help  to  restore 
lung  function  more  quickly  (Evidence  A).'"'-'**-^  They 
should  be  considered  in  addition  to  bronchodilators  if  the 
patient's  baseline  FEV,  is  <  50%  of  predicted.  A  dose  of 
40  mg/d  prednisolone  for  10  days  is  recommended  (Evi- 
dence D). 

Antibiotics.  Antibiotics  are  only  effective  when  patients 
with  worsening  dyspnea  and  cough  also  have  increased  spu- 
tum volume  and  pumlence  (Evidence  B).'^*^  The  choice  of 
agents  should  reflect  local  patterns  of  antibiotic  sensitivity 
among  5  pneumoniae.  H  influenzae,  and  M  calarrluilis. 

Hospital  Management.  The  risk  ot  dying  from  an  acute 
exacerbation  of  COPD  is  closely  related  to  the  develop- 

Table  12.       Indications  for  Intensive  Care  Unit  .Admission  of  Patients 
with  Acute  Exacerbation  of  COPD* 

■  Severe  dyspnea  that  responds  inadequately  to  initial  emergency 
therapy 

•  Confusion,  lethargy,  coma 

•  Persistent  or  worsening  hypoxemia  (P,„,  <  50  mm  Hg)  or  severe/ 
worsening  hypercapnia  (P,c,,,  >  70  mm  Hg).  or  severe/worsening 
respiratory  acidosis  (pH  <  7.30)  despite  supplemental  oxygen  and 
noninvasive  positive-pressure  ventilation 


COPD  =  chRimc  obslnictivc  pu)tnoniir>  disease 
*l.ocal  resources  need  lo  be  considered 
PjO,  =  arterial  partial  pressure  of  oxsgen 
P,(^o,  =  anerial  partial  pressure  of  carlxtn  dii>vuU- 
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mciit  oi  rcspiraloiN  acidDsis.  the  picsciKc  ot  impiiilaiii 
coniurbiditics.  and  the  need  tor  vciitilatiiry  support. ""'  Pa- 
tients laekini:  these  features  are  not  at  high  risk  of  dying, 
but  those  u  ith  severe  underK  ing  COPD  otten  require  hos- 
pitalization in  any  case.  Attempts  at  managing  such  pa- 
tients entirely  in  the  community  have  met  with  t)nly  hm- 
ited  success,"*'  hut  returning  them  to  their  homes  with 
increased  social  support  and  a  supervised  medical  care 
package  after  an  initial  emergency  room  assessment  has 
been  much  more  successful."***  However,  detailed  cost 
benefit  analyses  of  these  approaches  are  awaited. 

Hospital  assessment/admission  should  be  considered  for 
all  patients  who  fit  the  criteria  shown  in  Table  1 1.  Some 
patients  need  immediate  admission  ti)  an  intensive  care 
unit  (Table  12).  Admission  of  patients  with  severe  COPD 
exacerbations  to  intermediate  or  special  respiratory  care 
units  may  be  appropriate  if  personnel,  skills,  and  equip- 
ment are  available  to  identify  and  manage  acute  respira- 
tory failure  successfulK. 

The  first  actions  when  a  patient  reaches  the  emergency 
department  are  to  provide  controlled  oxygen  therapy  and 
to  determine  whether  the  exacerbation  is  life-threatening. 
If  so.  the  patient  should  be  admitted  to  the  intensive  care 
unit  immediately.  Otherwise,  the  patient  may  be  managed 
in  the  emergency  department  or  the  hospital,  as  detailed  in 
Table  13. 

ContrDJIed  Oxygen  Therapy.  Oxygen  therapy  is  the 
cornerstone  of  hospital  treatment  of  COPD  exacerbations. 
.Adequate  levels  of  oxygenation  (P^q,  >  60  mm  Hg  or  S.,,,^ 

Table  1  ^.      Management  of  Severe  But  Not  Life-Threatening 

Exacerbations  of  COPD  in  the  Emergency  Department  or 
the  Hospital* 

•  Assess  severity  of  symptoms,  blood  gases,  chest  radiograph 

•  Administer  controlled  oxygen  therapy  and  repeat  arterial  blood  gas 
measurement  after  30  min 

■  Bronchodilalors: 

Increase  dose  or  frequency 

Combine  /3,  agonists  and  anticholinergics 

Use  spacers  or  air-driven  nebulizers 

Consider  adding  intravenous  aminophyllinc.  if  needed 

•  Add  glucocorticosteroids  (oral  or  intravenous) 

•  Consider  antibiotics  if  signs  of  bacterial  infection  (oral  or 
occasionally  intravenous) 

■  Consider  noninvasive  mechanical  ventilation 

■  At  all  limes: 

Monitor  tluid  balance  and  nutrition 

Consider  subcutaneous  heparin 

Identify  and  treat  associated  conditions  (eg,  heart  failure, 

arrhythmias) 
Closely  monitor  condition  of  the  patient 


COPD  =  chronic  obsimclivc  pulmnnar>  discaM." 
•l-ocal  resources  need  lo  tie  considered. 


>  90%)  arc  easy  to  achieve  in  uncomplicated  exacerba- 
tions, hut  carbon  dioxide  retention  can  occur  insidiously 
with  little  change  in  symptoms.  Once  oxygen  is  started. 
ABGs  should  be  checked  M)  minutes  later  to  ensure  sat- 
isfactory oxygenation  without  carbon  dioxide  retention  or 
acidosis.  Venluri  masks  are  more  accurate  sources  of  con- 
trolled oxygen  than  are  nasal  prongs  but  are  more  likely  to 
be  rcim)\cil  b\  ihc  patient. 

Kruiichodllator  I  herapy.  Short-acting,  inhaled  /S;  ago- 
nists are  usually  the  preferred  bronchodilalors  for  the  treat- 
ment of  acute  exacerbations  of  COPD  (Evidence  A). '*■''-'' '-^ 
If  a  prompt  response  to  these  drugs  does  not  occur,  the 
addition  of  an  anticholinergic  is  recommended,  even  though 
evidence  concerning  the  effectiveness  of  this  combination 
is  rather  controversial."*''''"'  Despite  its  widespread  clini- 
cal use,  the  role  of  aminophyllinc  in  the  treatment  of  COPD 
exacerbations  remains  controversial.  Most  studies  of  am- 
inophyllinc have  demonstrated  minor  improvements  in  lung 
volumes  but  also  worsening  of  gas  exchange  and  hypox- 
emia.''" ''''  In  more  severe  exacerbations,  addition  of  an 
oral  or  intravenous  methylxanthine  to  the  treatment  can  be 
considered.  However,  close  monitoring  of  serum  theoph- 
ylline is  recommended  to  avoid  the  adverse  effects  of  these 
drugs.''"''*'-"' 

Glucocorticosteroids.  Oral  or  intravenous  glucocortico- 
steroids are  recommended  as  an  addition  to  bronchodilator 
therapy  (plus  eventually  antibiotics  and  oxygen  therapy)  in 
the  hospital  management  of  acute  exacerbations  of  COPD 
(Evidence  A)."*'-"*"*  The  exact  dose  that  should  be  given  is 
not  known,  but  high  doses  are  associated  with  a  substantial 
risk  of  adverse  effects.  Thirty  to  40  mg  of  oral  prednisolone 
daily  for  10-14  days  is  a  reasonable  compromise  between 
efficacy  and  safety  (Evidence  D).  Prolonged  treatment  does 
not  result  in  a  greater  efficacy  and  increases  the  risk  of 
adverse  effects. 

Antibiotics.  Antibiotics  are  only  effective  w  hen  patients 
with  worsening  dyspnea  and  cough  also  have  increased 
sputum  volume  and  pumlence.'"**  The  choice  of  agents 
should  refiect  local  patterns  of  antibiotic  sensitivity  among 
5  pneumoniae.  H  infhieiKxie.  and  M  ccitarrhalis. 

Ventilatory  Support.  The  primary  objectives  of  me- 
chanical support  in  patients  with  acute  exacerbations  in 
Stage  III:  Severe  COPD  are  to  decrease  mortality  and 
morbidity  and  to  relieve  symptoms.  Ventilatory  support 
includes  both  noninvasive  mechanical  ventilation  using 
either  negative  or  positive  pressure  devices,  and  invasive 
(conventional)  mechanical  ventilation  by  orotracheal  tube, 
nasotracheal  tube,  or  tracheostomy. 

•  Noiuinashe  Meclumicdl  Venlihition.  Noninvasive  pos- 
itive pressure  vcntilaiion  has  been  studied  in  man>  uncon- 
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Tahle  14.       Sclcclion  and  h\i.lusion  Crileria  fur  NPPV 

Seleclion  Crileria  (at  leusl  two  should  he  present ) 

•  Moderate  to  severe  dyspnea  with  use  of  accessory  muscles  and 
paradoxical  abdominal  motion 

•  Moderate  to  severe  acidosis  (pH  7.30-7.35)  and  hypercapnia  (P.,,,,, 
45-60  mm  Hg) 

•  Respiratory  frequency  >  25  breaths/min 
Exclusion  Criteria  (any  may  be  present) 

•  Respiratory  arrest 

•  Cardiovascular  instabilil\  (hypotension,  arrhythmias,  myocardial 
infarction) 

•  Somnolence,  impaired  mental  status,  uncooperative  palicnl 

•  High  aspiration  risk;  viscous  or  copious  secretions 

■  Recent  facial  or  gastroesophageal  surgery 

•  Craniofacial  trauma,  fixed  nasopharyngeal  abnormalities 

■  Extreme  obesity 


NPPV  =  noninva-sivc  positive-pressure  ventilation 
PflCO-.  ~  arterial  partial  pressure  of  carbon  dioxide 
(Adapted  from  Reference  200  1 


trolled  and  ."i  randomized  controlled  trials  in  acute  respi- 
ratory failure.''"'  The  studies  show  consistently  positive 
re.sults.  with  success  rates  of  80-85%."''  Taken  together 
they  provide  evidence  that  NPPV  increases  pH,  reduces 
Paco,'  reduces  the  severity  of  breathlessness  in  the  first  4 
hours  of  treatment,  and  decreases  the  length  of  hospital 
stay  (Evidence  A).  More  importantly,  mortality — or  its 
surrogate,  intubation  rate — is  reduced  by  this  interven- 
tion."*--"' However.  NPPV  is  not  appropriate  for  all  pa- 
tients, as  summarized  in  Table  14. 

•  Invasive  (Conventional )  Mechanical  Ventilation.  Pa- 
tients who  show  impending  acute  respiratory  failure  and 
those  with  life-threatening  acid-base  status  abnormalities 
or  altered  mental  status  despite  aggressive  pharmacologic 
therapy  are  likely  to  be  the  best  candidates  for  invasive 

Table  15.       Indications  for  Invasive  Mechanical  Ventilation 

•  Severe  dyspnea  with  use  of  accessory  muscles  and  paiadovical 
abdominal  motion 

•  Respiratory  frequency  >  35  breaths/min 

•  Life-threatening  hypoxemia  (P^o,  <  -"^  m"i  Hg  or  P,,,,/Flo.  <  200 
mm  Hg) 

•  Severe  acidosis  (pH  <  7.25)  and  hypercapnia  (P,,<  i,,  ~-  60  mm  Hg) 

•  Respiratory  arrest 

•  Somnolence,  impaired  mental  status 

•  Cardiovascular  complications  (hypotension,  shock,  heart  failure) 

■  Other  complications  (metabolic  abnormalities,  sepsis,  pneumonia, 
pulmonary  embolism,  barotrauma,  massive  pleural  el  fusion) 

•  NPPV  failure  (or  exclusion  criteria,  see  Table  14) 


Pao,  -  arterial  partial  pressure  of  oxygen 

Flo,  =  fraction  of  inspired  oxygen 

NPPV  -  twninvusive  positive-pressure  ventilation 

PgCtyy  —  aneriat  paitial  pressure  of  carbon  dioxide 


mechanical  Nciuihtlion.  The  indications  for  initiating  me- 
chanical ventilation  during  exacerbations  of  COPD  are 
shown  in  Table  \5.  the  first  being  the  commonest  and  most 
important  reason.  The  3  \entilatory  modes  most  widely 
used  are  assisted-control  ventilation,  and  pressure  support 
ventilation  alone  or  in  combination  with  intermittent  man- 
datory ventilation.-"- 

The  use  of  invasive  ventilation  in  patients  with  end- 
stage  COPD  is  inlluenced  by  the  likely  reversibility  of  the 
precipitating  event,  the  patient's  wishes,  and  the  availabil- 
ity of  intensive  care  facilities.  Major  hazards  include  the 
risk  of  ventilator-acquired  pneumonia  (especially  when 
multiresistant  organisms  are  prevalent),  barotrauma,  and 
failure  to  wean  to  spontaneous  veniilaiion.  Contrary  to 
some  opinions,  mortality  among  COPD  patients  with  re- 
spiratory failure  is  no  greater  than  mortality  among  pa- 
tients ventilated  for  non-COPD  causes.  When  possible,  a 
clear  statement  of  the  patient's  own  treatment  wishes — an 
advance  directive  or  "living  will" — makes  these  difficult 
decisions  much  easier  to  resolve. 

Weaning  or  discontinuation  from  mechanical  ventila- 
tion can  be  particularly  difficult  and  hazardous  in  patients 
with  COPD.  and  the  best  method  to  wean  patients  from  the 
ventilator  remains  a  matter  of  debate.-"''  -'"  Whether  pres- 
sure support  or  a  T-piece  trial  is  used,  weaning  is  short- 
ened when  a  clinical  protocol  is  adopted  (Evidence  A). 
Noninvasive  ventilation  has  been  applied  to  facilitate  the 
weaning  process  in  COPD  patients  with  acute  or  chronic 
respiratory  failure.-"^  Compared  with  in\  asi\  e  pressure  sup- 
port ventilation.  NPPV  during  weaning  shortened  weaning 
time,  reduced  the  stay  in  the  intensive  care  unit,  decreased 
the  incidence  of  nosocomial  piieiinionia.  and  improved 
60-day  survival  rates. -"'^  Similar  findings  have  been  re- 
ported when  NPPV  is  used  after  extubation  for  hypercap- 
nic  respiratory  failure  (Evidence  C).-"* 

Other  Measures.  Further  treatnicnl  measures  that  can 
be  used  in  the  hospital  include:  tluid  administration  (ac- 
curate monitoring  of  tluid  balance  is  essential):  nutrition 
(supplementary  when  the  patient  is  too  dyspneic  to  eat); 
low-molecular-w eight  heparin  in  imniobili/ed.  polycythe- 
mic, or  dehydrated  patients,  with  or  without  a  history  of 
thromboembolic  disease:  sputum  clearance  (by  stimulat- 
ing coughing  and  low-volume  forceti  expirations,  as  in 
home  managcmcnl).  Manual  or  mechanical  chest  percus- 
sion and  postural  drainage  ma\  he  beneficial  in  palients 
producing  >  Z.'i  tiiL  spiiiuiti  per  day  or  with  lobar  atelec- 
tasis. 

Hospital  Dischiirjic  and  Follow -I'p.  Instiftlcient  clini- 
cal (.lala  exist  lo  establish  llie  oplimal  duration  of  hospi- 
tali/aiion  for  acute  exacerbations  of  COPD.'**-"^-"*  Con- 
sensus and  limited  data  suppoti  the  discharge  criteria  listed 
in  Table  16.  Table  17  provides  items  to  include  in  a  fol- 
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Tabic  lb.      Discharge  Criteria  for  Palienls  with  Acuie  Exacerbations 
ot  COPD 

■  Inhaled  bronchodilator  therapy  is  required  no  more  frequently  than 
ever\'  4  h 

•  Patient,  if  previously  ambulatory,  is  able  to  walk  across  room 

■  Patient  is  able  to  eat  and  sleep  without  frequent  awakening  by 
dyspnea 

■  Patient  has  been  clinically  stable  for  1 2-24  h 

•  Arterial  bl(X)d  gases  have  been  stable  for  1 2-24  h 

•  Patient  (or  home  caregiver)  fully  understands  correct  use  of 
medications 

•  Follow-up  and  home  care  arrangements  ha\e  been  completed  (eg, 
visiting  nurse,  o.xygen  delivery,  meal  provisions) 

•  Patient,  family,  and  physician  are  confident  patient  can  manage 
successfulK 


COPD  =  cluonic  ob&lniclivc  pulmonao  disease 


low-Up  assessment  4-6  weeks  after  discharge  from  the 
hospital.  Thereafter,  follow-up  is  the  same  as  for  stable 
COPD,  including  supervising  smoking  cessation,  monitor- 
ing the  effectiveness  of  each  drug  treatment,  and  monitor- 
ing changes  in  spirometric  parameters. '~' 

If  hypo.\emia  developed  during  the  exacerbation.  ABGs 
should  he  rechecked  at  discharge  and  at  the  follow-up 
visit.  If  the  patient  remains  h)  poxemic,  long-term  oxygen 
therapy  should  be  instituted.  Decisions  about  continuous 
domiciliary  oxygen  based  on  the  severity  of  the  acute  hy- 
poxemia during  an  exacerbation  are  frequently  misleading. 

The  opportunities  for  prevention  of  future  exacerbations 
should  be  rexiewed  before  discharge,  with  particular  at- 
tention to  future  influen/a  \  accination  plans,  knowledge  of 
current  therapy  (including  inhaler  technique),-"''-"'  and 
how  to  recognize  symptoms  of  exacerbations.  Pharmaco- 
therapy known  to  reduce  the  number  of  exacerbations 
should  be  considered.  Social  problems  should  be  discussed 
and  principal  caregivers  identified  if  the  patient  has  a  sub- 
stantial persisting  disability. 


Future  Research 


diseases,  will  remain  controversial.  Defining  characteris- 
tics of  COPD  should  be  identified. 

2.  The  stages  of  COPD  and  the  disease  course  will  vary 
from  one  patient  to  another.  The  (jOLD  report  describes  4 
stages;  their  clinical  utility  needs  to  be  evaluated. 

?.  Surrogate  markers  of  inllammation.  possibly  derived 
from  sputum  (cells,  mediators,  en/yines)  or  exhaled  con- 
densates (lipid  mediators,  reactive  oxygen  species,  cyto- 
kines) that  may  predict  the  clinical  usefulness  of  new  man- 
agement and  prevention  strategies  for  COPD  need  to  be 
developed. 

4.  Information  is  needed  about  the  cellular  and  molec- 
ular mechanisms  of  inllammation  in  stable  C()PD  and  in 
exacerbations.  Inflammatory  responses  in  nonsmokers,  ex- 
smokers,  and  smokers  with  and  without  COPD  should  be 
compared.  The  mechanisms  responsible  for  the  persistence 
of  the  inflammatory  response  in  COPD  should  be  inves- 
tigated. Why  inflammation  in  COPD  is  poorly  responsive 
to  gluct)corticosteroids  and  what  treatments  other  than  glu- 
cocorticosteroids  are  effecti\e  in  suppressing  inflamma- 
tion in  COPD  are  research  topics  that  could  lead  to  new 
treatment  modalities. 

5.  There  is  a  pressing  need  to  develop  drugs  that  control 
symptoms  and  prevent  the  progression  of  COPD.  Some 
progress  has  been  made,  and  there  are  several  classes  of 
drugs  that  are  now  in  preclinical  and  clinical  development 
for  use  in  COPD  patients. 

6.  Standardized  methods  lor  tracking  tiends  in  COPD 
prevalence,  morbidity,  and  mortality  over  time  need  to  be 
developed  so  that  countries  can  plan  for  future  increases  in 
the  need  for  health  care  services  in  view  of  predicted  in- 
creases in  COPD.  This  need  is  especially  urgent  in  devel- 
oping countries  with  limited  health  care  resources. 

7.  Longitudinal  studies  demonstrating  the  course  of 
COPD  are  needed  in  a  variety  of  populations  exposed  to 
various  risk  factors.  Such  studies  would  provide  insight 
into  the  pathogenesis  of  COPD,  identity  additional  genetic 
bases  for  COPD.  and  identify  how  genetic  risk  factors 
interact  with  environmental  risk  factors  in  specific  patient 
populations.  Factors  that  determine  why  some,  but  not  all, 
smokers  develop  COPD  need  to  be  identified. 


A  better  understanding  of  molecular  and  cellular  patho- 
genetic mechanisms  of  COPD  should  lead  to  many  new 
directions  for  both  basic  and  clinical  investigations.  Im- 
proved methods  for  early  detectiim.  new  approaches  for 
interventions  through  targeted  pharmacotherapy,  possible 
means  to  identify  the  "susceptible"  smoker,  and  more  ef- 
fective means  of  managing  exacerbalit)ns  are  needed.  Some 
research  recommendations  are  provided  below:  there  are 
many  additional  avenues  to  explore. 

1.  Until  there  is  a  better  understantling  of  the  causal 
mechanisms  of  COPD.  an  absolutely  rigid  definition  of 
COPD.  and  its  relationship  to  other  obstructive  airwavs 


Table  17.      Follow-Up  Assessment  4-6  Weeks  after  Discharge  from 
Ht)spital  for  an  Acute  Exacerbation  of  COPD 

•  Ability  to  cope  in  usual  environment 

•  Measuremenl  of  FEV, 

•  Reassessment  of  inhaler  technique 

•  Understanding  of  recommended  treatment  regimen 

•  Need  for  long-term  oxygen  therapy  or  home  nebulizer  (for  patients 
with  severe  COPD) 


COPD  =  chronic  obMniclivc  pulmooar>  disease 
FEVi  =  forced  expinnors  volume  in  llw  firsl  second 
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8.  Data  arc  riL'cdod  iin  the  use.  cost,  and  relatisc  distri- 
bution of  medical  and  nonmedical  resources  tor  COPD, 
especially  in  countries  where  smoking  and  other  risk  fac- 
tors are  prevalent.  These  data  are  likely  to  have  sonic 
impact  on  health  policy  and  resource  allocation  decisions. 
As  options  for  treating  COPD  grow,  more  research  will  he 
needed  to  help  guide  health  care  providers  and  health  bud- 
get managers  regarding  the  most  efficient  and  effective 
ways  of  managing  this  disease.  Methods  and  strategies  for 
implementation  of  COPD  management  programs  in  devel- 
oping countries  will  require  special  attention. 

9.  While  spirometry  is  recommended  to  assess  and  mon- 
itor COPD,  other  measures  need  to  be  developed  and  eval- 
uated in  clinical  practice.  Reproducible  and  inexpensive 
exercise-testing  methodologies  (eg,  stair-climbing  tests) 
suitable  for  use  in  developing  countries  need  to  be  evalu- 
ated and  their  use  encouraged.  Spirometers  need  to  be 
developed  that  can  ensure  economical  and  accurate  per- 
formance when  a  relatively  untrained  operator  adininisters 
the  test. 

10.  Because  COPD  is  not  fully  reversible  (with  current 
therapies)  and  slowly  progressive,  it  will  become  ever  more 
important  to  identify  early  cases  as  more  effective  thera- 
pies emerge.  Consensus  on  standard  methods  for  detection 
and  definition  of  early  di.sease  needs  to  be  developed.  Data 
to  show  whether  or  not  screening  spirometry  is  effective  in 
directing  management  decisions  in  COPD  outcomes  are 
required. 

1 1 .  Primary  prevention  of  COPD  is  one  of  the  major 
objectives  of  GOLD.  Investigations  into  the  most  cost- 
effective  ways  to  reduce  the  prevalence  of  tobacco  smok- 
ing in  the  general  population  and  more  specifically  in  young 
people  are  very  much  needed.  Strategies  to  prevent  people 
from  starting  to  smoke  and  methods  for  smoking  cessation 
require  constant  evaluation  and  improvement.  Research  is 
required  to  gauge  the  impact  and  reduce  the  risk  from 
growing  air  pollution,  urbanization,  recurrent  childhood 
infections,  occupational  exposures,  and  use  of  local  ciga- 
rette equivalents.  Programs  designed  to  reduce  exposure  to 
biomass  fuel  in  countries  where  this  is  used  for  cooking 
and  domestic  heating  should  be  explored  in  an  effort  to 
reduce  exposure  and  improve  ventilation  in  the  homes. 

12.  The  specific  components  of  effective  education  for 
patients  with  COPD  need  to  be  determined.  It  is  not  known, 
for  example,  whether  patients  with  COPD  should  be  given 
an  individual  management  plan,  or  whether  these  plans  are 
effective  in  reducing  health  care  costs  or  improving  the 
outcomes  of  exacerbations.  Developing  and  evaluating  ef- 
fective tools  for  physician  education  concerning  preven- 
tion, diagnosis,  and  management  of  COPD  will  be  impor- 
tant in  view  of  the  increasing  public  health  problem 
presented  by  COPD. 

13.  Studies  are  neeiled  to  determine  whether  education 
is  an  essential  component  of  pulmonar)  rehabilitation.  The 


cost-effectiveness  of  rehabilitation  programs  has  not  been 
assessed,  and  there  is  a  need  to  assess  the  feasibility,  re- 
source utilization,  and  health  outcomes  of  rehabilitation 
programs  that  can  be  delivered  outside  the  major  teaching 
hospital  setting.  Criteria  for  selecting  individuals  for  reha- 
bilitation should  be  evaluated,  along  with  methods  to  mod- 
ify programs  to  suit  the  needs  of  individual  patients. 

14.  Collecting  and  evaluating  data  to  set  levels  of  se- 
verity for  COPD  exacerbations  would  stimulate  standard- 
ization of  this  outcome  measure  that  is  so  frequently  used 
in  clinical  trials.  Better  data  on  outcomes  of  COPD  exac- 
erbations would  allow  physicians  to  provide  better  advice 
to  patients  on  possible  outcomes  and  appropriateness  of 
various  types  of  treatment.  Further  exploration  of  the  eth- 
ical principles  of  life  support  and  greater  insights  into  the 
behavioral  influences  that  inhibit  discussion  of  end-of-life 
issues  are  needed,  along  with  studies  to  define  the  needs  of 
patients  with  end-stage  COPD. 
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Hijih-Krcqut'iicy  Jet  Ventilation 

I  was  cii|o>  iiig  the  article  "Tracheal  Gas 
Insufflation  and  Related  Techniques  to  In- 
troduce Gas  Flow  into  the  Trachea"  by  Drs 
Dean  Hess  and  Michael  Gillette  I  RespirCare 
2(X)1;46(:):1  iy-124).  until  I  yol  to  the  sec- 
tion on  high-frequency  jet  ventilation 
(HFJV).  It  was  loaded  with  misinformation. 
such  as  their  estimates  that  HI-JV  tidal  vol- 
umes are  .^-5  niLVKj;.  Several  inxestigalors 
have  demonstrated  that  high-lrequency  ven- 
tilation (HFV)  devices  of  various  designs 
produce  normal  gas  exchange  using  tidal 
volumes  smaller  than  the  anatomic  dead 
space  of  the  lungs  (2  miyKgl.'  ^  (These 
studies  were  conducted  in  the  1970s,  using 
normal  rabbits  and  dogs  and  dogs  with  dif- 
fuse lung  injury.) 

There  are  many  reasons  why  HFJV  has 
been  virtually  abandoned  in  adult  intensive 
care  units,  but  assuming  it  is  because  HFJV 
doesn't  work  isn't  one  of  them.  Like  tra- 
cheal gas  insufflation  (TGI).  HFJV  is  a  ther- 
apy that  dix;s  not  mimic  natural  breathing. 
HFJV  is  a  therapy  that  requires  well-de- 
signed equipment,  a  company  to  manufac- 
ture and  service  that  equipment,  and  clini- 
cians with  the  training  and  discipline  to 
master  its  application. 

The  next  article  in  that  (February  2001 ) 
issue  of  Respiratory  Care,  also  by  Drs 
Hess  and  Gillette.  "Ventilator-Induced 
Lung  Injury  and  the  Evolution  of  Lung- 
Protective  Strategies  in  Acute  Respiratory 
Distress  Syndrome"  (Respir  Care  2001: 
46(2):  1 30- 1 48),  similarly  dismissed  high- 
frequency  oscillation  (HFO).  Why  are 
these  authors  so  negative  towards  tech- 
niques that  avoid  overdistending  the  lungs 
through  the  use  of  very  small  tidal  vol- 
umes while  ventilating  very  effectively? 
(HFV  operators  more  often  have  prob- 
lems getting  partial  pressure  of  carbon  di- 
oxide up  to  normal,  rather  than  worrying 
about  permissively  hypovenlilating.) 

Several  HFV  reports  cited  by  Drs  Hess 
and  Gillette  have  been  superseded  by  im- 
provements in  equipment  or  ventilator  strat- 
egy. The  progression  of  positive  studies  in 
neonatology  that  deflne  ourc\er-iinproving 
HFV  know  ledge  were  neglected  in  Hess  and 
Gillette's  reviews.  It  takes  time  to  learn  how 


to  optimi/c  any  new  iherapv,  and  HFV 
therapy,  unlike  all  other  ventilator  thera- 
pies, has  developed  under  very  strict  Class 
III  Food  and  Drug  Administration  regu- 
lations. These  regulations,  while  undoubl- 
edly  improving  safety,  have  prolonged  the 
validation  process. 

HFJV  and  HFO  have  been  shown  to  be 
protective  of  proper  lung  development  in 
prematurely  delivered  animals  and  animal 
models  ol  adult  acute  respiratory  distress 
syndrome  (ARDS).  Early  HFO  studies  in 
premature  baboons  by  Meredith  et  al*"  and 
Gerstm;uin  et  aP  are  classics  in  our  field. 
More  recent  HFJV  studies  with  premature 
lambs  have  been  presented  at  various  meet- 
ings, but  have  yet  to  be  published.^ 

HFJV  studies  indicate  less  lung  injury 
and  more  normal  pulmonary  alveolar  and 
circulatory  development  than  either  small 
tidal  volume  with  rapid  rate  (."i  mL/Kg,  60 
cycles/min)  or  large  tidal  volume  with  slow 
rate  ( 15  mL/Kg,  20  cycles/min)  intermittent 
mandatory  ventilation.  Animals  ventilated 
right  from  birth  with  1-2  mL/Kg  HFJV  tidal 
volumes  at  420  cycles/min  were  easier  to 
care  for  and  demonstrated  better  survival, 
improved  alveolar  development,  more  uni- 
form lung  inflation,  less  atelectasis,  and  less 
smooth  muscle  in  small  ;irteries  and  airways. 
However,  there  was  no  benefit  on  lung  elas- 
tin  accumulation  or  edema,  and  no  benefit 
on  lung  pathophysiology.* 

Not  all  the  studies  produced  positive  re- 
sults, as  Hess  and  Gillette  most  adequately 
indicated.  The  randomized  clinical  trial  of 
HFJV  in  adults  conducted  in  the  early  1980s 
was  disappointing.  So  was  the  first  HFO 
study  in  infants  (the  "HIFI  study").''  How- 
ever, we  learned  a  great  deal  from  these  and 
other  "negative"  studies. 

More  recent  HFJV  and  HFO  randomized 
clinical  trials  have  shown  significant  reduc- 
tions in  chronic  lung  disease  when  applied 
early  for  the  treatment  of  ARDS  in  neo- 
nates.'"" HFJV  has  also  demonstrated  suc- 
cess with  treating  pulmonary  interstitial  em- 
physema,'- arguably  the  most  deadly  lung 
injury  afflicting  mechanically  ventilated  pre- 
mature infants. 

Few  neonatologists  would  argue  that 
HFV  hasn't  improved  mortality  rates,  de- 
spite the  fact  that  our  studies  are  seldom 


designed  with  death  as  an  end  point.  While 
hard  science  may  be  compromised,  cross- 
overs to  the  alternately  assigned  mode  of 
therapy  or  rescue  by  extracorporeal  mem- 
brane oxygenation  arc  the  nomi  in  studies 
with  critically  ill  infants.  When  mortality 
rates  by  originally  assigned  group  are  "cor- 
rected" by  crediting  survival  to  the  rescue 
therapy  afforded  by  crosst)vers,  HFV  has 
led  to  statistically  higher  survival  rates."'- 
A  study  of  persistent  pulmonary  hyperten- 
sion of  the  newborn  showed  a  survival  rate 
of  45*^  — without  extracorporeal  membrane 
oxygenation — for  the  infants  randomized  to 
HFJV,  versus  23%  for  those  treated  con- 
ventionally.'-' 

Our  greatest  challenge  with  HFV  has  been 
learning  how  to  use  it  optimally.  Using  HFV 
incorrectly,  just  like  any  other  therapy,  can 
lead  to  increased  adverse  effects.  For  exam- 
ple, some  studies  of  HFV  have  raised  con- 
cern over  an  increased  incidence  of  severe 
neuro-imaging  abnormalities  such  as  intra- 
ventricular hemorrhage  (IVH)  and  periven- 
tricular leukomalacia  (PVL)."'-' 

Clark  et  al  conducted  a  meta-analysis 
to  determine  if  premature  neonates  treated 
with  HFV  are  at  greater  risk  of  develop- 
ing IVH  or  PVL  than  are  infants  treated 
with  conventional  ventilation.'^  They 
found  that  there  was  an  association  be- 
tween the  use  of  HFV  and  PVL,  but  not 
IVH.  However,  the  HIFI  study  was  much 
larger  than  all  the  other  studies,**  and  it 
was  conducted  before  there  w  as  w  idespread 
appreciation  of  the  importance  of  maintain- 
ing optimal  lung  volume  during  HF^.  When 
the  HIFI  study  was  removed  from  the  anal- 
ysis, the  asstxiation  between  HFV  and  PVL 
disappeared. 

In  randomized  clinical  trials  w  here  HFJV 
was  compared  to  conventional  ventilation 
for  the  treatment  of  .ARDS  in  premamre 
infants,  sev  ere  IVH  and  PVL  increased  w  hen 
positive  end-expiratory  pressure  ( PF.EP)  was 
kept  too  low  (ie,  ."i  cm  H,0).'"-'  Low  PEEP 
was  associated  with  lower  arterial  partial 
pressure  of  oxygen  and  hypocarbia  in  af- 
fected patients.  Speculation  held  that  low 
PELP  during  HIJV  leads  to  hyperventila- 
tion, because  peak  inspiratory  pressure  is 
kept  unnecessarily  high  in  order  to  maintain 
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;tda|ii.ilc  inc.iii  ;iii"«  ay  pressure  for  oxygen- 
ation. W  Ikmi  liiulkT  l'f-f:P  was  used  lo  main- 
lain  appropruilc  lung  wiluinc.  arlcrial  pai- 
tial  pressure  of  oxygen  values  were  higher 
and  arterial  partial  pressure  of  carbon  diox- 
ide values  were  more  normal."  Severe  IV'll 
or  PVL  incidence  in  the  inlants  treated  with 
HhJV  and  higher  PKEP  (8.89; )  was  statis- 
tically lower  than  that  of  the  conventionally 
ventilated  control  group  (28"";)  or  a  sub- 
group ol  inlants  treated  w  itii  HFJV  and  lower 
PEEP  (33%). 

Some  of  us  view  TGI  as  an  extreme  form 
of  H1J\'.  If  one  raises  HFJV  to  the  highest 
imaginable  frequency,  one  reaches  con- 
stantly injected  gas  flow  (one  fomi  of  TGI). 
If  one  takes  TGI  and  chops  the  gas  How 
into  little  pieces  laka.  tidal  \olunies|.  one 
gets  HFJV.  There  are  pros  and  cons  to  each 
approach,  but  both  try  to  capitalize  on  the 
same  fluid  mechanical  and  gas  exchange 
phenomena  whilst  attempting  to  minimize 
lung  injury .  Both  techniques  require  proper 
humidillcation  to  a\oid  damaging  tracheo- 
bronchial mucosa.  Neither  approach  re- 
quires a  closed  system. 

To  discount  HFV  is  to  discount  the  thou- 
sands of  clinicians  who  use  this  technology 
to  save  thousands  of  pediatric  patients  each 
year,  most  of  whom  ha\e  tailed  e\ery  avail- 
able conventional  \entilation  technique. 


J  Bert  Bunnell  Scl) 

Bunnell  Inc 
Salt  Lake  Citv.  Utah 
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The  author  replies: 

Dr  Bunnell  raises  concerns  about  our  pa- 
pers,'- in  which  he  believes  we  shed  a  neg- 
ative light  on  HFV. 

First  of  all,  the  reader  should  understand 
that  the  focus  of  the  papers  by  Dr  Gillette 
and  me  are  related  to  ARDS  in  adults.  HFV 
has  an  indisputable  role  in  neonates,  and  it 
has  indeed  improved  outcomes  in  that  pa- 
tient population.  We  do  not  debate  the  value 
of  HFV  in  neonates — but  that  was  not  the 
topic  of  our  papers! 

Considerable  caution  must  be  exeivised 
when  extnipolaling  from  animal  studies  to 
humans.  Animal  studies  are  invaluable  to 
demonstrate  proof-of-concept.  However,  the 
results  of  animal  studies  must  be  confirmed 
in  humans  before  acceptance  into  patient 
care.  The  literature  is  replete  w  ith  examples 
of  drugs  and  techniques  that  seemed  prom- 
ising in  animal  mtxlels,  only  to  fail  in  hu- 
man studies.  Demonstrating  that  normal  gas 
exchange  can  occur  in  a  small  animal  model 
using  HFV  does  not  mean  that  the  same 
will  occur  in  an  adult  with  ARDS.  iMore- 
over,  as  we  state  in  our  paper,'  with  high- 
frequency  jet  ventilation,  the  high  velocity 
at  w  hich  gas  exits  the  jet  causes  additional 
gas  to  be  entrained  and  m;tkes  measurement 
of  delivered  tidal  volume  virtually  impossi- 
ble in  the  clinical  setting. 

Equal  caution  must  be  exercised  when 
extrapolating  from  one  patient  population 
to  another.  Just  because  HFV  has  been 
shown  to  benefit  neonates  with  ARDS  does 
not  mean  that  similar  results  should  be  ex- 
pected in  adults  with  .ARDS.  One  onlv  needs 
to  look  at  inhaled  nitric  oxide  to  demon- 
.strate  this  point.  Although  inhaled  nitric  ox- 
ide has  been  shown  to  benefit  newborns 
with  hypoxemic  respiratorv  failure  (and  the 
Food  anil  Drug  .Administration  has  approv  cd 
the  use  of  inhaled  nitric  oxide  for  this  indi- 
cation), large  multieenter  randomized  trials 
have  not  demonstrated  benefit  from  inhaled 
nitric  oxide  in  adults  with  .ARDS.'  '  ,A  sim- 
ilar point  can  be  made  in  the  case  of  sur- 
factant therapy,  again  shown  to  benefit  pre- 
mature neonates  but  not  shown  to  benefit 
adults  with  ARDS.* 

Does  that  mean  that  HF\'  has  no  role  in 
the  treatment  of  adult  ARDS  patients?  From 
the  available  evidence,  the  best  that  can  be 
said  is  that  we  do  not  know.  There  is  pres- 
entlv  insufficient  ev  idence  to  supp<irt  the  use 
of  HFV  tor  the  treatment  of  .ARDS.  As  I 
attend  respiratory  care  and  critical  care  meet- 
int;s  throus;hout  the  countrv.  1  have  heard 
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numerous  anecdotes  ol  lunv  HIV  ■rescued" 
a  dyinu  palienl  w  ilh  AkIXS  and  "saNcd"  him 
from  a  certain  death.  However,  we  only 
needio  look  al  ihe  nitnc  o\ide  slory  to  he 
skeptical  ol  sucli  lesliiiioiuals.  In  fact.  I  was 
one  of  llie  propoiienis  ol  the  use  ot  inhaled 
nitricoxide  for  ARDS — but  the  results  of 
properly  conducted  controlled  studies 
showed  that  1  was  wrong! 

To  date,  there  is  only  one  ventilator  strat- 
egy that  has  been  shown  to  reduce  mortality 
in  patents  with  ARDS.  That  is  the  use  of  a 
low  tidal  volume  strategy.  This  has  been 
conclusis  ely  demonstrated  in  the  ARDS  net- 
work study.''  using  good  old-fashioned  vol- 
ume-controlled ventilation  on  a  conven- 
tional ventilator.  Pei haps  the  correct  strategy 
lies  not  in  the  development  of  newer  more 
complicated  ventilators  (which  could  be 
hannt'ul  in  the  hands  of  those  without  spe- 
cial trainina  in  their  use),  hut  rather  in  the 


coiTccI  use  of  available  technology. 

Dean  Hess  R  I'hD  RR  I  I  AAR( 

Harvard  Medical  School 

Dc|)artment  of  Respiratory  Care 

Massachusetts  General  Hospital 

Boston.  Massachusetts 
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ChroiiK'  l.unK  Disease  in  Karly  Inrancv. 

Richard  D  UlaiiJ  ami  Jaa|uclii)c  J  CoaNoii. 
Editors,  (laing  Bii)liigy  in  Health  and  I3is- 
ease.  Volume  137,  Claude  l.cnt'ant.  Execu- 
tive Editor.)  New  York:  Marcel  Dekker. 
21KK).  Hard-cover,  illustrated,  MKO  pages, 
$235, 

Despite  a  huge  elTort  over  the  35  years 
since  its  initial  description  to  Inid  the  causes 
of  and  means  for  preventing  chronic  lung 
disease  in  premature  infants,  it  remains  a 
condition  that  occurs  with  substantial  Ire- 
quency.  The  most  severe  variants  of  chronic 
lung  disease,  which  sometimes  led  to  in- 
fants being  \entilated  for  more  than  a  ye;ir, 
seem  to  have  almost  disappeared.  The  sep- 
arate wards  found  in  some  neonatal  inten- 
sive care  units  for  long-term  ventilation  have 
been  closed.  Despite  this  apparent  reduc- 
tion in  severity,  the  o\erall  binhweight-spe- 
cific  incidence  has  changed  little,  and  few 
proven  therapies  clearly  prevent  chronic 
lung  di.sease.  With  the  improved  survival  of 
more  and  more  immature  infants,  chronic 
lung  disease  continues  lo  be  an  important 
problem  in  neonatal  intensive  care  unit  sur- 
vivors. This  book  is  an  attempt  to  draw  to- 
gether the  majority  of  people  Involved  in 
researching  the  etiology,  pathophysiology, 
and  treatment  of  neonatal  chrimic  lung  dis- 
ease over  the  past  35  ye;us,  with  a  major 
emphasis  on  lung  biology. 

The  4  stated  goals  of  the  editors  m  plan- 
ning the  book  were  (1)  to  present  the  im- 
portant clinical  and  pathologic  features  of 
the  disease,  (2)  to  review  lung  development, 
injury,  and  repair,  (3)  to  define  what  re- 
mains to  be  learned  about  neonatal  lung  in- 
jury, and  (4)  to  relate  the  required  needed 
information  to  potential  therapeutic  and  pre- 
ventive strategies.  In  fulfilling  these  goals 
the  editors  have  succeeded  admirably. 

The  bcx)k  is  divided  into  5  sections,  the 
first  dealing  with  clinical  aspects;  chapters 
on  the  history,  epidemiology,  clinical  as- 
pects, lung  function  testing,  radiography,  pa- 
thology, respiratory  care  practices  in  venti- 
lation, and  nutrition  issues  are  included.  Fart 
2  is  a  review  of  normal  and  abnormal  alve- 
olar and  ainvay  developmenl.  including  hor- 
monal effects  and  the  elTccls  of  reactive  ox- 
ygen species.  Part  3  concerns  the  normal 
and  abnormal  development  of  the  pulmo- 


nary ciiviil.ilion  .iiicl  inlersiuial  space  of  the 
lung.  Part  4  deals  v\ith  mechanisms  of  lung 
injury  and  repair  during  development.  I'art 
5  deals  with  mixlels  of  developmental  lung 
injury  and  repair. 

This  layout  does  lead  lo  some  excessive 
repetition  and  overlap.  For  example,  there 
is  a  chapter  on  the  mechanisms  of  reactive 
species  injury  lo  .ilveolar  epithelium,  an- 
other on  the  molecular  mechanisms  of  ox- 
ygen-induced lung  injury,  another  chapter 
describes  the  assessment  of  tissue  injury 
from  reactive  oxygen  metabolites,  and  an- 
other chapter  reviews  oxygen  and  oxidants 
and  their  role  in  chronic  lung  disease.  This 
led  to  3  appearances  of  a  list  of  reactive 
oxygen  species  and  to  2  almost  identical 
figures  (appearing  16  pages  apart)  showing 
peroxidation  of  fatly  acids.  Although  this 
sort  of  extensive  multi-author  text  is  liable 
to  have  such  overlap  and  repetition,  apart 
from  this  one  example  of  oxygen  toxicity/ 
antioxidants  and  induced  lung  injury,  the 
repetition  has  been  kept  lo  a  minimum. 

Particularly  important,  I  think,  is  the  chap- 
ter by  Jacqueline  Coalson,  one  of  the  co- 
editors  of  the  volume,  on  the  pathology  of 
chronic  lung  disease  of  early  infancy.  The 
chapter  compiu'es  "classic"  bronchopulmo- 
nary dysplasia  (BPD)  pathology  with  BPD 
pathology  in  the  current  era  ("new  BPD"), 
and  It  is  a  clear  and  important  review  of  the 
issue.  I  belie\  e  the  distinct  pathology  of  "new 
BPD"  has  been  under-appreciated  by  neo- 
natal clinicians,  and  this  chapter  at  least 
should  be  required  reading  for  clinicians. 
Indeed,  the  distinct  pathology  of  "new  BPD" 
calls  into  question  whether  all  of  the  previ- 
ous BPD  research,  particularly  on  the  clin- 
ical aspects,  remains  completely  relevant  lo 
today's  surviving  extremely  immaluie  in- 
fants. 

For  the  most  part,  the  chapters  in  the 
clinical  section  are  clearly  written  and  have 
appropriate  and  circumspect  conclusions. 
The  clinical  chapters  could  all  be  character- 
ized as  naiTali\e  rather  than  syslemalic  re- 
views. In  other  words,  the  choice  of  refer- 
ences and  their  interpretation  are  the  result 
of  the  interests  and  knowledge  of  the  re- 
viewers. .Such  selectivity  can  ha\e  major 
effects  on  the  conclusions  reached.  One  mi- 
nor example  concerns  the  statement  that  in- 
haled furosemidc  has  not  been  show  n  lo  be 


effective — a  statement  supported  by  a  sin- 
gle reference.  This  is  contradicted  by  the 
latest  systematic  Cochrane  Collaboration 
review,  including  all  8  completed  trials, 
which  shows  that  a  single  dose  of  furo- 
semidc, given  by  inhalation,  leads  to  signif- 
icant changes  in  lung  mechanics,  if  not  in 
any  clinical  outcomes.'  The  discrepancies 
between  the  conclusions  of  systematic  and 
narrative  reviews  are  frei|iiently  large,  and 
It  has  been  demonstrated  that  narrative  re- 
views such  as  these  may.  therefore,  be  mis- 
leading.-'  TTiis  should  not  be  t;iken  as  a 
major  criticism  of  this  volume  in  pttrticular. 
as  such  reviews  are  those  most  commonly 
found  in  textbooks,  but  surely  the  lime  has 
come  for  our  review  articles  and  b<x)k  chap- 
ters to  become  more  systematic,  more  in- 
clusive, and,  thus,  more  reliable. 

In  general  the  quality  of  the  figures  is 
good  and  there  are  very  few  mistakes  or 
typographical  errors.  However,  one  of  the 
figures  (on  page  548)  is  so  badly  repro- 
duced that  it  is  difficult  to  interpret,  and  in 
the  chapter  on  interventions  for  tissue  free 
radical  injury  the  figures  are  all  mislabeled, 

I  was  unable  at  any  point  in  the  book  to 
find  even  a  brief  analysis  of  the  relation- 
ship between  BPD  and  poor  neurological 
function  in  the  long  term.  This  is  a  well 
recognized  complication  of  BPD,  proba- 
bly as  important  to  parents  and  patients  as 
any  of  the  issues  dealt  with  in  this  book. 
And  although  it  is  clearly  not  the  primary 
focus  of  this  book,  some  analysis  of  the 
potential  reasons  for  central  nervous  sys- 
tem dysfunction  in  surviving  infants  suf- 
fering chronic  lung  disease  would,  I  think, 
have  been  useful.  Even  a  single  paragraph 
in  the  chapter  on  long-term  outcome  would 
have  focused  attention  on  this  important 
issue.  Also  relevant  lo  this  issue,  the  sec- 
tion on  corticosteroids  in  the  drug  treat- 
ment chapter  only  mentions  reported  tran- 
sient cessations  of  somatic  and  brain 
growth,  despite  the  fact  that  many  studies 
are  now  reporting  major  disruption  of 
central  nervous  system  development  in 
infants  who  receive  postnatal  steroids 
for  BPD. 

This  book  is,  1  bcliev  e,  an  exiremely  valu- 
able source  of  information  lor  anyone  who 
has  an  interest  in  the  biology  of  lung  injury 
in  the  developing  lung   Indeed,  it  is  hard  to 
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imagine  any  aspccl  ot  ilii'.  ficki  thai  has  niU 
received  siibslantial  attentiiin  in  this  volume, 
bach  chapter  is  completed  by  a  section  in 
which  the  authors  speculate  about  future  im- 
portant advances,  and  it  will  be  interesting 
to  see  how  many  of  these  speculations  are 
realized  over  the  next  few  years.  For  a  cli- 
nician. 1  think  that  the  heavy  emphasis  on 
lung  biology  will  provide  extra  insights  and 
a  greater  understanding  of  palhophysiologs . 
Overall,  1  believe  this  booi\  should  be 
available  in  the  library  of  an>  hospital  that 
has  a  neonatal  intensive  care  unit,  and  it  is 
an  important  resource  for  those  interested  in 
the  pathophvsiology  of  lung  injury  in  pre- 
mature infants. 

Keith  J  Barrington  MB  ChB 

Depailiiienl  of  Paediatrics 

Royal  Victoria  Hospital 

McGill  University 

Montreal.  Quebec 

Canada 
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The  number  of  young  people  who  use 
assisted  ventilation  because  of  illness  or 


trauma  has  steadily  increased  over  the  last 
20  vears.  Noyes"  s  work  documents  and  re- 
inforces the  observation,  also  made  by  oth- 
ers' that  young  people  with  disabilities  may 
often  be  treated  with  concern  and  care,  but 
not  as  "citizens  with  rights."  Noyes  explains 
that  good  practice,  in  addition  to  excellent 
tieatment.  also  requires  respect  of  the  pa- 
tient's rights,  including  a  right  to  adequate 
services:  a  right  to  protection  from  abuse, 
neglect,  and  discrimination;  and  a  right  to 
inlormalion  and  to  pailicipate  fully  in  deci- 
sions regarding  his  or  her  own  life. 

A  theme  throughout  the  reading  is  that 
patient  p;ulicipation  is  denied  principally  be- 
cause of  a  medical  attitude  that  is  prescrip- 
tive and  paternalistic.  Prior  studies  had  ne\  er 
presented  young  people's  own  feelings  and 
opinions.  Here  their  voices  speak  loud  and 
clear.  Noyes's  protocol  uses  direct,  in-depth 
interviews  of  young  people  age  6  to  1 8  years. 
When  asked  what  sort  of  caregiver  he  likes, 
a  young  boy.  age  15.  answers:  ""Nice,  not 
unhappy,  not  grumpy,  and  happy  to  look 
after  me.'"  A  giri.  also  age  15,  complains 
about  not  being  infonned:  "I  need  to  know 
everything  that  is  happening,  and  what  is 
going  on." 

It  is  also  argued  that  the  children's  need 
for  attachment  and  the  right  to  adult  protec- 
tion should  be  recognized  as  parallel  to  their 
right  to  participation,  which  increases  with 
age  and  understanding.  Furthermore,  a  sym- 
biotic relationship  may  exist  between  chil- 
dren and  parents.  The  important  role  of  the 
parents  becomes  especially  evident  when 
their  children's  wishes  need  to  be  interpreted. 
Pitfents  can  assist  them  in  making  decisions. 
Thus.  Noyes  also  inteniews  parents.  They 
feel  that  when  the  system  supports  decision- 
making by  medical  professionals  and  admin- 
istrators without  piu'ents"  participation,  this 
negates  the  parents"  responsibility  and 
""claims  parental  ownership.'" 

Noyes  also  includes  examples  of  good 
practice  in  each  chapter.  When  a  boy.  age  9. 
is  considered  as  a  possible  candidate  for  a 
phrenic  pacemaker  implant,  he  does  not  like 
it.  It  makes  him  feel  like  a  ""robot."  When 
his  mother  proposes  that  this  decision  is  bet- 
ter postponed  until  he  becomes  older  and 
can  make  his  own  mature  judgment,  all 
agree.  In  this  case,  the  patient  and  famih 
are  included  in  the  decision-making  process. 

To  satisfy  our  professional  interest  we 
would  like  to  know  more  when  clinical,  ther- 
apeutic procedures  are  mentioned.  In  the 
above  case,  did  the  options  presented  in- 
clude state-of-the-art  phrenic  pacemaker  im- 


plantation, and  was  this  course  of  treatment 
compared  with  other  ways  of  providing 
ventilation'.'  We  have  to  presume  it  was. 
Also,  when  the  use  of  oxygen  cylinders  for 
Lisa,  another  young  ventilator-dependent 
person,  is  criticized  as  wasteful  compared 
to  oxygen  concentrators,  we  would  like  to 
know  why.  Was  the  use  continuous'.'  Did 
she  have  components  of  intrinsic  pulmo- 
nary pathology'.'  If  not,  the  treatment  of  pure 
hypoventilation   is  assisted  ventilation. 


Oxygen 


b\  itself,  favors  micro-  to 


macro-absorption  atelectasis,  particularly  in 
patients  who  hypoventilate,  A  cylinder  may 
be  kept  for  einergencies  only.  When  con- 
tinuous oxygen  supplement  is  indicated  but 
the  patient  can  be  active  in  and  out  of  the 
house,  liquid  oxygen  portable  systeins  or 
lightweight  oxygen  containers  may  then  be 
a  better  choice.  When  difficulties  in  tra- 
cheostomi/ed  patients  are  mentioned, 
there  is  no  discussion  of  ways  to  obviate 
or  alleviate  these  difficulties,  such  as  non- 
invasive ventilation,  ventilation  with  a  de- 
llated  cuff  and  larger  volumes,  speaking 
tracheostomies,  glossopharyngeal  breath- 
ing, and  the  use  of  more  recent  biomedi- 
cal engineering  devices  such  as  voice 
synthesizers. 

This  work,  however,  is  not  intended  to 
be  a  vade  mecum  of  respiratory  therapy.  It 
is  instead  a  psychosocial  study  of  personal 
approaches  and  systems  of  care  regarding 
the  relationship  between  the  young  ventila- 
tor-dependent patient  and  his  or  her  own 
immediate  social  and  physical  en\  ironment. 
These  interviews  raise  questions  concern- 
ing prolonged  stay  in  critical,  acute,  and 
adult  hospital  environments.  There,  young 
people  may  be  exposed  to  long-lasting  emo- 
tional trauma.  Other  problems  are  often  poor 
discharge  planning  and  fragmentation  of 
care.  This  underscores  the  importance  of 
early  coordination  and  clanfication  of  goals 
and  roles.  In  fact,  experience  dictates  that 
early  discharge  planning,  assessment  of  re- 
sources, equipment,  space,  housing,  and 
other  needs  should  start  immediately  on  ad- 
mission to  the  hospital,  and  then  be  com- 
pleted as  information  is  gathered  from  the 
members  of  the  team.  Also,  an  adequate 
number  of  meetings  with  the  family  should 
take  place  for  the  exchange  of  infomiation 
and  for  training.  Discharge  home  is  pre- 
ferred unless  the  care  would  be  inadequate 
because  of  exceptional  circumstances.  It  is 
necessarv  to  train  the  patient  and  family  to 
familiarize  them  w  ith  the  routines  of  care 
and  lo  relieve  the  inherent  anxietv  before 
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discharge  home  Ollcii.  .1  vcnlil.iliu  ili.-|X-ii 
ilfiit  [X'lxon  m;i\  h;i\c  riioliililN  mi|i,iimicril 
anil  iciiuiiv  a  w  lice  khan  01  ollici  cquip- 
nient.  Solving  problems  of  accessibility  and 
space  at  home  may  require  time,  so  infor- 
mation should  be  gathered  as  sixm  as  lea- 
sible  alter  hospital  admission,  and  a  |xtsoii 
needs  10  be  idenlilied  to  be  icsponsihle  lor 
u  smtxith  continmiiii  ol  coordinaleel  (.are 
among  vendors,  lioiiic-care  services,  ^nul  aii- 
thori/ing  stale  agencies. 

Noyes  relates  that  even  alter  discharge. 
patients'  families  complain  olha\ing  to  deal 
with  various  and  often  apparently  compet- 
ing agencies  responsible  for  medical  ser- 
vices, social  services,  and  education  ser- 
vices. A  unified  strategy  among  pro\  iders 
of  funds  and  services  appears  to  be  needcil. 
This  again  brings  out  the  necessity  of  a  team 
c(M)rdinator.  a  case  manager,  w  ho  should  be 
experienced  in  the  field  and  ha\c  elfectne 
interpersonal  skills  to  deliver  a  holistic,  co.st- 
effective.  team  approach.  Another  impor- 
tant family  complaint  is  that  often  profes- 
sionals and  assigned  c;iregi\ers.  both  in  the 
hospital  luid  alter  discharge  home,  may  be 
less  cognizant  of  the  routines  of  care  than 
the  patient  and  the  family.  They  lack  famil- 
iarity with  specific  protocols  and  guidelines 
for  the  health  and  safety  of  these  patients. 
Also,  clarification  of  roles  and  the  negotia- 
tion of  boundaries  regarding  privacy,  par- 
enting, and  caring  may  become  even  more 
critical  once  a  patient  is  discharged.  Care- 
givers should  respect  the  privacy  and  the 
cultural  identity  of  the  family.  Many  other 
points  are  brought  to  attention  that  can  be 
particularly  important  to  providers  of  care 
and  families. 

Noyes  organizes  her  material  well,  in  8 
chapters:  "Introduction,"  "Young  People  in 
Hospital,"  "Getting  Home  from  Hospital." 
"Living  at  Home,"  "Starting  or  Returning 
to  School,"  "Growing  Up,"  "Young  People 
Who  Do  Not  Live  with  Their  Families," 
and  "Conclusions."  She  inquires  about  the 
treatment  and  feelings  of  these  young  pa- 
tients from  the  day  of  hospital  admission  to 
the  transition  to  adulthood.  The  chapters  are 
divided  into  subsections,  which  are  helpful 
for  easy  consultation.  In  the  section  on 
"Growing  Up,"  a  couple  of  the  subtitles  are 
"Social  Inclusion"  and  "Sexuality."  Sexu- 
ality, as  well  as  other  intimate,  sensitive  sub- 
jects, is  not  discussed  in-depth  during  the 
interviews,  but  the  young  people's  interest 
and  the  importance  of  the  subject  is  evident. 

Comments  and  bibliography  are  found 
in  the  companion  publication.  Younn  Peo- 


ple Who  I  SI-  \ssislt(l  \  i'litilalioii.  Uibli- 
ugrapli)  and   \nal\sis  of  the  l.iti'raliire. 

in  vsIikIi  11  IS  si.iiL-d  iluii  ilie  suhjecl  lu.iy 
also  raise  sensitive  issues  for  caregivers  and 
would  benefit  from  further  consideration  in 
the  literature.  This  companion  publication, 
reviewing  the  literature  from  a  more  ana- 
lytical and  academic  point  of  vieu,  also  re- 
gards the  psychosocial  picuiiv  Iroiii  ihe  per- 
spective of  the  young  peojile  and  their 
tamilies  (the  consumer),  but  also  includes 
other  sections  related  to  the  subject:  "The 
Services."  "The  Law,"  and  "Finance."  Here 
the  authors  admit  that  they  excluded  the 
purely  clinical  literature  and,  also  for  tech- 
nical reasons,  their  search  strategy  "pro- 
duced only  few  references  on  the  topic  of 
communication  and  the  related  rehabilita- 
tion issues."  But  otherwise,  their  review  of 
the  bibliography  is:  "extensive,  if  not  ex- 
haustive " 

Some  of  the  arguments  treated  in  the  anal- 
ysis are  "Friendships  and  Relationship 
Needs,"  "Fmployment."  "Child  Abuse. 
Child  Protection,  and  the  Criminal  Justice 
System, "  "Parents  as  Ciu^egivers,"  and  "In- 
dividual and  Family  Finance,"  Both  publi- 
cations include,  at  the  end.  very  useful  sec- 
tions regarding  "Conclusions  and  Key 
Messages"  and  lists  of  future  goals  and  re- 
search the  authors  deem  necessary.  For  ex- 
ample, this  agenda  includes  compilation  of 
"a  register  of  the  number  and  status  of  the 
young  people  involved  and  guidelines  for 
audit  by  regional  iuid  national  health  au- 
thorities" and  also  "more  study  and  atten- 
tion should  be  given  to  ways  that  could  en- 
hance the  participation  of  these  young  people 
in  social  life." 

Noyes's  project  was  started  in  1997,  and 
published  in  1999.  It  was  supported  as  part 
of  a  program  of  research  and  innovative 
projects  for  the  consideration  of  practitio- 
ners and  policy  milkers.  The  study  was  con- 
tluclcd  in  the  context  of  the  United  King- 
dom's nationalized  health  system,  but 
concepts  of  quality  of  care  should  be  uni- 
versal. 

Noyes's  Voices  and  Choices:  N OunK 
People  Who  llse  As.sisted  Ventilaticm  is 
the  diligent  labor  of  a  patient's  advocate. 
The  presentation  is  intended  to  be  accessi- 
ble to  ventilator-dependent  young  people 
and  their  families  and  advocates,  who  should 
know  their  rights  as  well  as  their  responsi- 
hihlies  and  the  importance  of  coordination 
u  ith  members  of  the  prolessional  team.  Ihe 
book  may  be  perceived  as  pedantic  and  sim- 
plistic, but  it  gises  imponant  information 


and  a  basis  for  the  appreciation  of  psycho- 
social considerations,  knowledge  of  the  ex- 
istence of  established  consensus  guidelines, 
and  ongoing  questions  on  the  subject.  These 
2  companion  publications  leave  us  with  the 
impression  of  a  system  that,  ideally,  wants 
to  guarantee  basic  rights  and  excellent  care 
but  often  gets  entangled  in  a  heavy  bureau- 
cratic load  and  managerial  inefficiency,  ptis- 
sibly  due  to  unrealistic  assessments  of  fund- 
ing levels.  But  there  is  also  evidence  that 
efforts  are  Ix'ing  made  to  studs  and  improve 
the  system.  In  the  Kibllo)>raphy  and  .Anal- 
ysis (>r  the  Literature  the  authors  report 
that  since  1997,  when  Noyes  started  her 
project,  there  have  been  other  publications 
on  these  subjects  and  some  governmental 
action  has  occurred  in  the  United  Kingdom. 
They  recognize  that  the  American  literature, 
including  governmental  literature,  has  dealt 
with  the  problem  of  ventilator-dependency 
for  a  longer  time.  A  comparative  analysis, 
including  outcomes,  based  on  longitudinal 
studies  of  this  problem  would  be  of  interest. 
Given  the  scarcity  of  psychosocial  consid- 
eration in  the  overwhelmingly  analytical 
and  coolly  dispassionate  clinical  material, 
Noyes's  work  would  be  gotxi  reading  for 
all  students  and  professionals  in  respiratory 
therapy,  pediatric  care,  nursing,  and  all  other 
interested  professionals.  For  scx'ial  workers, 
patients'  advocates,  administrators,  legisla- 
tors, and  students  more  involved  in  psycho- 
social aspects  of  the  subject,  the  Biblidgra- 
phy  and  .Analysis  of  the  Literature  should 
be  of  great  interest,  and  tlie  t;mdem  publi- 
cations would  be  useful  additions  to  their 
libraries. 
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Cystic-  Fibrosis:  Medical  Care.  David  M 
Orenslcin  Ml).  HlmaI  .1  Rciscnstcin  Ml). 
Robert  C  Slcni  MD.  Hdilors.  Phil;Klcl|iliia: 
Lippincoit,  William.s  &  Wilkins.  2000.  Solt- 
cover,  365  pages.  $39.93. 

Clinical  and  scientitli:  developments  in 
the  diagnosis  and  tivamient  of  cystic  fibro- 
sis (CF)  have  altered  the  course  of  this  dis- 
ease. Molecular  characteri/aiion  of  the  gene 
defects  has  increased  our  insight  into  the 
nature  and  \aricly  of  CF.  The  availability  of 
antibiotics,  nutritional  support,  \entilators. 
and  endoscopic  priKedures  dramatically  in- 
crea.sed  the  life  expectancy  of  CF  patients. 
The  time  v\hen  death  in  the  teen  years  was 
the  common  outcome  for  CF  patients  is  so 
recent  that,  as  the  authors  observe,  adult  pul- 
iTionary  medicine  has  only  just  started  con- 
centrating on  the  management  of  CF.  The 
extension  of  the  life  span  of  these  patients 
has  created  a  labyrinth  of  manifestations, 
complications,  and  possible  courses  that 
would  make  CF  unrecognizable  to  those  who 
first  described  "cystic  fibrosis  of  the  pan- 
creas." 60  years  ago.  as  an  invariably  lethal 
disease  of  infants. 

CF  medical  care  today  is  dominated  by 
the  multisystemic  character  of  this  disease. 
the  increasing  perplexity  of  its  clinical 
course,  and  the  need  for  effective  commu- 
nication among  care  pro\  iders  coming  from 
different  specialties  and  professions.  Given 
rapid  technologic  advances  and  increasing 
awareness,  updated  presentations  of  the 
practical  aspects  of  CF  medical  care  will 
continue  to  be  a  necessity.  This  book  aims 
at  fulfilling  these  needs.  The  readership  is 
wide  and  includes  physicians,  nurses,  epi- 
demiologists, geneticists,  and  therapists.  The 
material  is  selected  by  3  internationally  ac- 
claimed experts  in  CF  treatment,  with  com- 
bined experience  of  more  than  80  years. 

The  book  is  organized  into  12  chapters, 
progressing  in  a  logical  way  from  the  mo- 
lecular and  cellular  background  and  major 
organ  systems  affected  by  CF,  to  medical 
management,  surgery,  hospitalization,  and 
terminal  care.  References  follow  each  chap- 
ter and  are  limited  to  a  reasonable  number, 
providing  adequate  information  for  further 
reading.  The  language  is  clear.  The  authors 
successfully  present  facts  as  well  as  argu- 
ments and  differences  of  opinion  without 
losing  their  focus — a  comprehensive  ap- 
proach to  CF  care.  The  tables  are  \ery  in- 
formative and  the  figures  are  illustrative  and 
carefullv  selected. 


The  chapter  on  ihc  diagnosis  of  CF  fea- 
luies  phciiol\pe/gcnot\pe  associations,  cal- 
culated recurrence  risk  tables  for  relatives 
of  CF  patients,  and  presenting  symptoms  of 
CF  patients.  The  description  of  the  sweat 
test,  its  method,  limitations,  and  specificity. 
is  concise  and  to  the  point.  The  tables  w  ilh 
indications  for  sweat  testing  and  conditions 
associated  with  elevated  sweat  electrolyte 
concentration  are  comprehensive  and  help- 
ful. Caveats  are  included,  as  well  as  screen- 
ing algorithms. 

The  chapter  on  the  respiratory  system  is 
extensive  and  covers  the  subjects  of  pulnio- 
narv  exacerbation,  immunization,  choice  ot 
antibiotics,  chronic  mllammation.  upper  air- 
way problems,  bronchopulmonary  aspergil- 
losis, and  complications.  Many  controver- 
sies have  arisen  around  these  issues. 
Opposing  views  are  presented  impartially 
while  the  need  for  common  sense  and  con- 
sideration of  the  individual  patient's  prob- 
lems is  dealt  with  in  a  thoughtful  manner. 
Interesting  topics  include  chest  pain,  hemop- 
tysis, and  wheezing  in  infancy.  The  effect 
of  high-dose  ibuprofen  in  slowing  the  pro- 
gression of  pulmonary  lesions  is  also  dis- 
cussed. 

The  chapter  on  the  gastrointestinal  sys- 
tem is  superbly  written,  with  very  informa- 
tive paragraphs  on  the  distal  intestinal  ob- 
struction syndrome  (formerly  referred  to  as 
meconium  ileus  equivalent),  gastroesopha- 
geal reflux,  and  CF  liver  disease.  Pancreatic 
enzyme  replacement  is  discussed  exten- 
sively, with  special  emphasis  on  the  issues 
of  abdominal  pain,  constipation,  and  bloody 
diarrhea.  There  is  ample  infonnation  on  elec- 
trolyte imbalance,  vitamin  deficiency,  and 
caloric  deficit.  This  chapter  feamres  a  dis- 
cussion of  fibrosing  colonopathy,  a  newly- 
recognized  and  unusual  complication  asso- 
ciated with  administration  of  high  doses  of 
pancreatic  enzymes,  resulting  in  irreversible 
damage  of  the  large  bowel.  The  differential 
diagnosis  of  abdominal  pain  in  CF  is  dis- 
cussed briefly,  but  the  omission  of  a  table 
with  causes  of  abdominal  pain  in  CF  makes 
itself  felt.  Involvement  (.if  other  organs  is 
presented  in  the  following  chapter,  which  is 
divided  into  cardiovascular,  endocrine,  re- 
productive, renal,  and  other  aspects  of  CF. 

The  inclusion  of  a  chapter  on  exercise  is 
justified.  The  authors  address  several  mis- 
conceptions associated  with  exercise  in  CF. 
The  dual  importance  of  physical  fitness  as 
both  a  marker  of  life  quality  and  possibly  as 
a  factor  contributing  to  well  being  is  dis- 
cussed. Model  exercise  programs  are  pre- 


sented. Hospitalization  is  discussed  in  a  sep- 
arate chapter,  with  extremely  helpful  tips  on 
psvchosocial.  insurance,  and  research  issues. 
The  tables  on  "how  to  be  a  well  adjusted 
and  successful  hospital  patient"  and  "pit- 
falls in  patient  and  family  communication" 
could  prevent  many  a  foreseeable  misun- 
derstanding. Medical  subjects  in  the  same 
chapter  include  preventive  measures  against 
transmission  of  Burkhokleha  cepmiii.  dif- 
ferential diagnosis  of  fever,  and  a  number 
of  practical  lips  on  venous  access,  collec- 
tion of  arterial  bli>od  samples,  and  use  of 
local  anesthesia. 

Surgical  aspects  of  CF  are  presented  in 
an  easy-to-follow,  comprehensive  chapter. 
An  excellent  discussion  of  the  management 
of  pneumothorax  is  included.  Other  inter- 
esting topics  are  surgical  management  of 
gastroesophageal  reflux,  enteral  feeds, 
meconium  ileus,  and  intussusception.  The 
anesthetic  caveats  in  the  same  chapter  are 
very  intriguing  and  conveniently  illustrated 
with  2  tables.  Transplantation  issues  in  CF 
are  dealt  with  extensively.  Timing  of  refer- 
ral for  lung  transplantation,  care  while  await- 
ing transplant,  specific  problems  associated 
with  pneumothorax  in  CF.  the  technique  of 
living  lobar  transpkmt.  and  post-transplant 
care  are  among  the  most  attractive  topics  of 
this  book.  The  discussion  of  liver  transplant 
in  CF  is  also  very  thorough. 

A  chapter  on  adolescents  and  adults  is 
included,  but  appears  to  be  rather  short  con- 
sidering the  massive  expansion  of  this  part 
of  the  CF  population  in  the  last  30  years. 
The  chapter  on  terminal  care  is  very  infor- 
mative, with  the  appropriate  emphasis  on 
psvchosocial  and  familv  aspects.  Predicting 
the  time  of  death;  treatment  of  dyspnea,  hy- 
poxemia, and  hypercapnia:  the  use  of  oxy- 
gen, (i  adrenergic  agonists,  theophylline,  and 
morphine  in  the  terminallv  ill  patient  are 
discussed.  .A  tabic  w  ith  signs  of  altered  blood 
gases  is  featured. 

Three  appendixes  are  included.  Appen- 
dix A  features  a  detailed  plan  for  long-temn 
management,  backed  with  references.  Use- 
ful recommendations  on  laboratory  testing, 
pulmonary  function  monitoring,  and  imag- 
ing are  presented  in  Appendix  B.  Appendix 
C  is  a  directory  of  CF  care  centers.  This 
appendix  is  appropriately  placed  at  the  end 
of  the  book  to  stress  for  one  last  time  the 
point  repeated  persistently  by  the  authors: 
continuity  of  care  is  of  paramount  impor- 
tance and  optimal  care  is  provided  in  CF 
centers.  The  index  makes  it  easy  to  use  this 
book  as  its  authors  intended:  as  a  quick  ref- 


832 


Respiratory  Care  •  Augi'st  2001  Vol  46  No  8 


Books,  Films,  Tai'i-.s,  &  SoKrwARK 


crviKiv  lis  convcnicm  si/c  aiiil  prwc  con- 
tribiilc  Id  Its  ;ip|T(.Ml 

111  conclusiDii,  llif  ^iiilluns  ;ichn.'\cil 
their  goal  of  creating  a  helpful  tool  for  the 
management  of  acomplcv.  frustrating,  ami 
changing  disease.  Thcv  produceil  an  ap- 
pealing, balanceil.  casN-lo-rcail  le\l  that 
is  a  valuable  relerence  for  llic  specialist 
and  also  an  excelleni  miuoJuciumi  in  ihc 
practices  of  CF  care  lor  ilie  ncoph\  le.  Ihis 
practical  and  concise  book  will  be  wel- 
comed by  all  health  care  professionals  car- 
ing for  CF  patients. 

Demetrios  S  Theodoropoulos  Ml) 

Division  of  Allergy/ 

Immiinologv /Rheumatology 

Rainbow  Babies  and  Children's  llnspiial 

Ca.se  Western  Reserve  University 

School  of  Medicine 
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Pulmonary  Kehabllitatioii:  (iuidejines  to 
Success.  .Vd  Edition.  John  E  Hodgkin  Ml). 
Bartoloiiie  R  Celli  MD.  Gcrilynn  L  Con- 
nors RRT.  Philadelphia:  Lippincott.  Wil- 
liams &  Wilkins.  2(XK).  Hard-cover.  726 
pages.  $62. 

Piiimonaiv  rehabilitation  has  remained  an 
area  in  which  respiratory  therapists  can  make 
substantial  contributions  to  the  lives  of  peo- 
ple suffering  chronic  obstructive  pulmonary 
disease  (COPD)  and  other  cardiopulmonary 
disorders.  The  demographics  of  the  popu- 
lation of  the  United  States  indicate  that  along 
with  the  aging  population  comes  an  in- 
creased number  of  individuals  with  chronic 
illness.  Pulmonary  rchabilitalion  will  play 
an  important  role  in  Ihe  lives  of  an  increas- 
ing number  of  people.  In  addition,  the  cost- 
effectiveness  of  pulmonary  rehabilitation 
dictates  its  w  idespread  inclusion  in  respira- 
tory care  practice.  This  book  brings  together 
a  multidisciplinary  team  of  experts,  domes- 
tic and  international,  to  present  a  compre- 
hensive up-to-date  treatnicnl  of  pulmonan 
rehabilitation.  Reference  sections  al  Ihc  end 
of  each  chapter  attest  to  the  currency  of 
content  and  allow  the  reader  to  seek  out 
additional  information  if  desired.  The  pref- 
ace of  the  first  edition  slates  thai  Ihe  book  is 
directed  to  both  ph\  sicians  and  related  health 
disciplines.  Given  the  team  nature  of  pul- 
monary rehabilitation  and  the  use  of  multi- 
disciplinary  contributing  authors,  directing 
the  book  to  multiple  groups  is  appropriate. 

The  current  edition  begins  with  the  his- 
tory of  pulmonary  rehabilitation,  its  devel- 
opment, and  the  basic  constructs  that  delliie 


pulmonarv  Kh.ihihi.iiuMi  Following  the  in- 
IroiluclorN  sections  .ire  .>  adililinnal  scclions 
that  address  therapeutic  inleiAenlmii.  s|v- 
cial  situations  and  concerns,  application  in 
non-COPD  patient  populations,  interna- 
tional perspective,  anil  ihc  luluie  of  pulmo- 
nary rehabilitation. 

The  book  is  very  well  organized,  with 
each  chapter  beginning  with  objectives  and 
ending  w  iih  a  comprehensive  reference  list. 
Chains,  tables,  figures,  and  illustrations  are 
employed  efficienlly  and  enhance  rather 
than  detract  from  the  written  text.  Sections 
and  the  chapters  within  each  section  are 
organized  in  a  logical  fashion,  with  each 
building  on  the  information  from  earlier 
chapters.  The  book  presents  up-to-date,  well- 
referenced  data,  adding  to  the  credibility  of 
the  text.  An  appreciated  feature  of  the  book 
is  adherence  to  style  throughout — a  feature 
sometimes  lacking  in  vsorks  w  ilh  many  con- 
tributing authors.  Also  refreshing  is  the  lack 
of  meaningless  distracters  such  as  chapter 
questions  and  excessive  reliance  on  llashy 
"slate  of  the  art"  attempts  at  pedagogical 
trends.  While  some  educators  find  these  fea- 
tures helpful  in  course  organization  tasks,  I 
find  that  Ihe  traditional  text  approach  al- 
lov\s  the  instnictor  and  the  audience  more 
freedom  in  directing  discussions  related  to 
section  or  chapter  content. 

The  first  section  of  the  book  covers  pul- 
monary rehabilitation  from  a  historical  per- 
spective. The  single  chapter  in  this  section 
successfully  presents  background  regarding 
the  de\  elopment  of  components  of  pulmo- 
nary rehabilitation,  such  as  patient  and  fam- 
ily education,  smoking  cessation,  psycho- 
social concerns,  physical  procedures,  and 
medical  treatment,  including  medications 
and  delixcry  techniques.  Of  particular  inter- 
est was  the  discussion  of  the  advent  of  in- 
termittent positix  e-pressure  breathing  and  its 
misuse.  The  author  docs  not  debate  the  use 
of  intermittent  positive-pressure  breathing 
in  COPD.  but  presents  an  argumeni  baseil 
on  several  studies.  The  author  ends  the  chap- 
ter w  ith  helpful  experience-based  commen- 
tary that  includes  useful  considerations  of- 
ten overlooked  when  dealing  with  COPD 
patients,  such  as  the  effects  of  maldistribu- 
tion o\  ventilalion  on  arterial  blood  gas  equil- 
ibration time.  The  chapter  is  very  well  ref- 
erenced, demonstrating  the  depth  o\ 
historical  and  current  literature  cited. 

In  Section  II.  "Basic  Concepts  of  Pulmo- 
narv  Rehabilitation,"  Ihe  reader  is  treated  to 
."i  chapters  dedicated  to  establishing  a  com- 
mon basis  for  undcrsiandinc  later  sections 


and  chapters.  Infonnaiion  covered  includes 

the  ilelinition  and  characteristics  of  pulmo- 
nary rehabilitation,  patient  selection  and  as- 
sessment of  COPD,  pathophysiology  of 
COPD,  assessment  of  dyspnea,  and  patient 
and  family  education.  Chapter  .1  within  Sec- 
tion II  presents  models  for  patient  selection 
and  exclusion  that  are  dear,  concise,  and 
applicable.  Chapter  4  presents  a  concise  re- 
view of  pathophysiology,  which  includes 
clear,  easily  interpretablc  charts  and  dia- 
grams. One  figure  (Fig.  4.9),  is  exception- 
ally useful,  as  it  depicts  an  integration  of  the 
many  components  that  influence  breathing 
in  the  COPD  patient  and  suggests  the  vari- 
ous strategies  to  treat  the  disorder.  Chapter  6 
discusses  patient  and  family  education  and 
addresses  how  to  leach.  The  chapter  includes 
concise  sections  on  various  learning  theories 
and  potential  client  characteristics  and  their 
possible  Iciuning  needs.  It  does  not  spend 
much  time  on  the  educational  content  for 
pulmonan,  rehabilitation,  but  instead  wisely 
uses  the  space  to  help  the  reader  realize  that 
teaching  is  a  skill  based  on  research  and  that 
patient  outcome  may  be  enhanced  by  help- 
ing the  client  learn  the  content  well. 

•Section  111  gets  into  the  nuts  and  bolts  of 
pulmonary  rehabilitation  and  includes  12 
chapters  on  the  therapeutic  interventions  ap- 
propriate for  pulmonary  rehabilitation. 
These  chapters  encompass  a  wide  range  of 
subjects,  such  as  pharmacology,  ventilatory 
muscle  training,  tobacco  dependence,  and 
sexuality  in  the  pulmonary  patient.  The  sec- 
tion ends  with  a  well-written  chapter  cov- 
ering the  preventive  aspects  for  the  patient 
vvilh  chronic  lung  disease.  Each  chapter  in 
this  section  is  comprehensive  and  employs 
diagrams  and  tables  sparingly  but  effec- 
tively. Chapter  15  presents  information 
about  tobacco  dependence  and  presents  a 
useful  case  studv .  Other  chapters  could  have 
been  enhanced  with  the  inclusion  of  case 
studies.  Case  studies  help  the  reader  see  the 
infomiation  applied  and  help  bridge  the  gap 
between  iheon  and  practice. 

Section  IV  presents  a  variety  of  special 
considerations  in  pulmonary  rehabilitation, 
such  as  ethical  issues,  surgical  therapy, 
tra\el.  sleep  disorders,  marketing  and  reim- 
bursement issues,  and  chapters  on  home  me- 
chanical \'entilation  in  the  United  States  and 
Europe.  Chapter  20  dtK's  a  nice  job  of  pre- 
senting various  pulmon;u'y  rehabilitation 
outcome  assessment  strategies  and  includes 
recent  research  results  for  such  variables  as 
baseline  dyspnea  index,  transitional  dyspnea 
index,  chronic  respiratory  disease  question- 
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naire,  and  physiologic  adaptation  to  exer- 
cise. The  chapter  is  vcr\  coinprchcnsix  c  and 
provides  many  possible  outcome  assessment 
approaches.  Chapters  21  and  22  provide  a 
complete  re\  ievv  of  home  mechanical  ven- 
tilation, Inckidlng  objeetives  lor  home  care- 
givers. Chapter  22.  allhoiiiih  brief,  gives  the 
reader  an  overview  ot  home  mechanical  ven- 
tilation in  Europe  and  provides  a  basis  for 
important  comparisons  regarding  reim- 
burscEiienl  differences.  If  the  Linited  .States 
adopts  a  universal  or  national  health  insur- 
ance plan,  the  "heads-up"  information  in 
this  chapter  will  prove  beneficial.  Chapter 
2.^  clearly  outlines  surgical  treatment  pos- 
sibilities for  advanced  pulmonary  disease 
patients,  including  indications,  procedural 
descriptions,  and  anticipated  outcomes.  The 
additional  chapters  in  .Section  IV  are  equally 
comprehensive  and  collectively  provide  a 
well-rounded  body  of  information  regard- 
ing special  considerations  in  pulmonary  re- 
habilitation. 

Section  V  presents  ,^  chapters  addressing 
pulmonary  rehabilitation  as  applied  to  pe- 
diatric. non-COPD,  and  neuromuscuUu'  pa- 
tient populations. 

Chapter  3 1  covers  ventilation  techniques 
and  physical  medicine  inter\entions  for  neu- 
romuscular patients.  A  historical  perspec- 
tive is  woven  into  the  chapter,  making  the 
information  presented  quite  comprehensive. 
Manually  assisted  coughing,  mechanical  in- 
sufnation-e.xsuftlation.  and  other  airway 
clearance  techniques  are  included. 

Chapter  .32  describes  rehabilitation  in  the 
non-COPD  population  and  includes  indica- 
tions and  research  results,  providing  a  clear 
rationale  for  this  group's  inclusion  in  pul- 
monary rehabilitation  programs. 

Finally.  Chapter  3.3  presents  pediatric  dis- 
orders and  the  application  of  pulmonary  re- 
habilitation procedures  to  diseases  afflicting 
these  groups.  The  chapter  depth  is  such  that 
the  reader  would  have  had  to  read  previous 
chapters  in  order  to  apply  the  concepts  re- 
lated to  the  pediatric  patient. 

Section  VI  presents  6  chapters  regarding 
the  intematit)nal  perspective  on  pulmonary- 
rehabilitation.  These  chapters  collectively 
not  only  provide  the  reader  with  a  basis  for 
comparisons  among  the  countries  repre- 
sented, but  also  impress  the  reader  that  med- 
icine is  practiced  in  a  global  community. 
Other  texts  within  our  discipline  would  be 
wise  to  follow  this  example  as  countries 
become  less  isolateil  and  the  practice  of  med- 
icine becomes  more  sophisticated.  The  in- 
ternational comparisons  in  this  section  are. 


again,  quite  comprehensi\e.  Each  country 
is  presented  in  a  separate  chapter  and  it 
requires  the  reader  to  shuttle  back  and 
forth  to  make  comparisons.  A  summary 
chart  of  all  countries  presented  would  be 
a  useful  visual. 

Section  Vll  comprises  a  single  chapter, 
which  summan/es  the  benefits  of  pulmo- 
nary rehabilitation.  Each  component  of  a 
pulmonary  rehabilitation  program  is  ad- 
dressed. The  chapter  additionally  addresses 
the  current  and  future  concerns  facing  pul- 
mon;uy  rehabilitation  programs,  such  as  re- 
imbursement issues  and  patient  screening. 
Tlie  chapter  ends  with  suggested  research 
possibilities  for  pulmonary  rehabilitation. 

The  overall  strengths  of  this  book  include 
its  comprehensiveness  and  its  concise,  to- 
the-point  text.  Additionally,  adherence  to 
style  makes  the  book  easy  to  comprehend. 
The  sp;uing  use  of  tables  and  diagrams  is 
refreshing  in  that  the  reader  is  not  distracted 
by  flashy  splashes  of  color,  drawing  atten- 
tion away  from  the  content.  Section  sum- 
m;iry  charts  or  diagrams  would  help  com- 
pare the  large  amount  of  infomiatiim  held 
in  the  chapters.  Perhaps  more  case  studies 
would  help  bring  information  to  the  applied 
level.  The  book  is  well  written  in  traditional 
fashion,  with  up-to-date  information  and  re- 
search reports.  The  reading  level  appears 
appropriate  for  physicians,  in-service  edu- 
cators, and  various  health  practitioners. 
Health  care  students  in  baccalaureate  pro- 
grams would  adapt  well  to  this  text,  but  it 
may  prove  challenging  to  recent  high  school 
graduates.  I  would  highly  recommend  this 
book  to  a  variety  of  educational  programs. 

Ronald  V.  Beckett  PhD  RRT 

Respiratory  Care  Prognmi 

Department  of  Cardiopulmonary  Sciences 

and  Diagnostic  Imaging 

Quinnipiac  University 

Hamden,  Connecticut 

Advances  in  Cardiopulmonary  Rehabil- 
itation. Jean  Jobin  PhD.  Francois  Mallais 
MD,  Pierre  LeBlanc  MD.  Clennont  Simard 
PhD,  Editors.  Champaign.  Illinois:  Human 
Kinetics.  2(KX).  Hard-cover,  illustrated.  323 
pages.  S42. 

Controlled,  randomized  studies  and  meta- 
analyses have  clearly  established  that  pul- 
monary rehabilitation,  once  recognized  as 
"an  art  of  medical  practice,"  reduces  symp- 
toms, increases  functional  ability,  and  im- 
proves health-related  quality  of  life  in  indi- 
viduals with  chronic  respiratorv   diseases. 


e\en  in  the  face  of  irreversible  abnormali- 
ties of  lung  aichitccture.  Therefore,  in  the 
new  millennium  it  is  no  longer  a  question  of 
//■.  but  of  who,  how.  when,  and  where  does 
pulmonary  rehabilitation  work.  This  book 
tries  to  answer  most  of  those  questions. 

This  well  constructed  and  well  referenced 
volume  reports  a  series  of  articles  review- 
ing some  topics  of  the  First  Quebec  Inter- 
national Symposium  on  Cardiopulmonary 
Rehabilitation  held  in  1999.  This  is  an  im- 
pressive example  of  "overseas  efficiency." 
given  the  short  delay  between  the  sympo- 
sium and  publication  of  the  related  book 
with  "fresh"  inaterial. 

The  book's  8  parts  comprise  22  chapters 
rellecting  the  reality  of  c;irdiopulmonar>'  re- 
habilitation at  the  end  of  the  second  millen- 
nium. After  the  first  part  summarizes  the 
historv'  and  actual  status  of  rehabilitation, 
the  following  sections  present  the  general 
sequence  in  which  patients  are  integrated 
into  cardiopulmonary  rehabilitation  pro- 
grams. Optimizing  medical  treatment  is  the 
first  step,  followed  by  current  and  upcom- 
ing issues  related  to  selection  and  recruit- 
ment of  candidates.  The  central  parts  de- 
scribe the  most  recent  advances  in  cardiac 
and  pulmonary  rehabilitation,  exercise  as  the 
cornerstone  of  any  rehabilitation  interven- 
tion, and  some  aspects  of  rehabilitation,  in- 
cluding economic  impact.  The  last  parts 
cover  issues  of  quality  of  life,  w  hich  is  con- 
sidered a  key  outcome  in  rehabilitation,  and 
future  perspectives. 

.Although  the  majority  of  chapters  are  re- 
view articles,  some  authors  have  reported 
their  original  studies,  and  each  chapter  is 
challenging  through  its  discussion  of  im- 
portant contnwersies.  The  intended  audi- 
ence is  physicians,  cardiorespiratory  physi- 
ologists and  therapists  caring  for  patients 
w  ith  heart  or  lung  problems,  and  those  in- 
\ol\ed  in  cardiac  and  pulmonary  rehabili- 
tation. There  is  no  specific  profession-ded- 
icated chapter,  so  both  physicians  and 
therapists  may  enjoy  all  chapters.  Despite 
the  few  illustrations,  the  reader  is  well  in- 
troduced to  the  topics,  the  style  of  most  of 
the  authors  is  clear,  and  the  editors  strive  to 
stimulate  the  reader  to  promote  pulmonary 
rehabilitation  programs  in  the  face  of  the 
reported  unsatlstaeton  rccniitment  of  pa- 
tients by  pulmonar>  rehabilitation  programs 
in  North  America. 

According  to  the  European  Respiratory 
Society,  the  aims  of  pulmonarv  rehabilita- 
tion should  be  "to  restore  patients  to  an  in- 
dependent, productive,  and  satisfying  life 
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and  piv\ciil  liinlK'i  1.I111K.1I  JckTinralum  to 
the  niaximiim  cMciil  compatible  u  itti  the 
sla};c  of  the  diM'asc" — a  dofinilion  sonic- 
how  attributing  to  pulmonary'  rehabilitation 
an  effect  on  the  natural  history'  of  the  dis- 
ease.' More  recently,  the  European  Respi- 
ratory SiKietN  Task  I'orcc  Position  Pa|vr 
defined  pulmonary  rehabilitation  as  "a  pro- 
cess that  systematically  uses  scientifically 
based  diagnostic  management  and  e\alua- 
tion  options  to  achie\e  the  optimal  daily 
functioning  and  health-related  quality  of  life 
of  indi\  idual  patients  suffering  from  impair- 
ment and  disability  due  to  chronic  respira- 
tory disease,  as  measured  by  clinically  and/or 
physiologically  rele\ant  outcome  mea- 
sures."- This  definition  does  not  seem  to  be 
very  different  from  that  developed  by  the 
National  Institutes  of  Health  Workshop  on 
Pulmonary  Rehabilitation  Research:  "Pul- 
monary rehabilitation  is  a  multidimensional 
continuum  of  services  directed  to  persons 
with  pulmonary  disease  and  their  families, 
usually  by  an  interdisciplinary  team  of  spe- 
cialists, w  ith  the  goal  of  achie\  ing  and  main- 
taining the  indisidual's  maximum  level  of 
independence  and  functioning  in  the  com- 
munity."' 

Nevertheless,  when  examining  the  pul- 
monary rehabilitation  components,  some 
differences  appear,  mainly  related  to  the 
comprehensive  treatment  of  respiratory  dis- 
ea.ses.  On  the  other  side,  the  European  per- 
spective includes  a  \\  ider  spectrum  of  pul- 
monary rehabilitation  programs  than  in 
North  America.  There  are  some  topics  con- 
sidered in  the  European  perspective  that  are 
not  considered  in  the  .American  one.  such  as 
respiratory  muscle  rest  ( ie.  long-temi  home 
mechanical  ventilation),  long-term  o.xygen 
therapy,  nutritional  therapy,  and  nursing 
care.  This  leads  to  a  European  pulmonary 
rehabilitation  concept  near  to  chronic  care. 
Furthermore,  in  Europe,  institutions  primar- 


ily devoted  to  pulmonary  rehabilitation  have 
developed  inlernieiliate  intensive  care  units 
aimed  at  treatment  of  acute-on-chronic  re- 
spiratory failure  (mainly  by  noninvasive  me- 
chanical ventilation)  and  at  long-temi  diffi- 
cult weaning  froni  mechanical  ventilation. 

This  new  v  olume  seems  to  be  ev  idence 
of  the  different  concepts  of  pulmonary  re- 
habilitation on  the  2  sides  of  the  Atlantic. 
Although  the  term  ciirdiopiihmmary  rclui- 
hilihiuon  included  in  the  title  sounds  rather 
disappointing  to  liuropcan  ears,  the  content 
of  the  volume  is  better  than  the  title.  Indeed, 
despite  the  title,  the  authors  of  the  chapters 
have  dealt  with  cardio  or  pulmonary  reha- 
bilitation, which  is  nearer  to  the  luiropean 
concept  of  pulmonan  rehabilitation.  For  ex- 
ample, the  summary  of  the  chapter  on  his- 
torical review  of  cardiopulmonary  rehabil- 
itation is  based  on  the  plan  of  action  of  the 
■American  Heart  Association,  and  among  the 
well-quoted  53  references  of  that  chapter, 
only  2  titles  include  the  term  "pulmonary." 
This  is  not  a  criticism;  it  is  an  appreciation 
that  the  editors  and  chapter  authors  have  a 
definite  awareness  of  the  differences  be- 
tween these  2  fields  of  rehabilitation. 

Despite  this,  there  is  a  successful  attempt 
to  define  the  common  field.  That  is,  exer- 
cise training  and  peripheral  muscle  liysfunc- 
tion  in  diseases  such  as  chronic  heart  failure 
and  chronic  obstructive  pulmonary  disease. 
Now.  there  is  no  question  about  the  fash- 
ionable need  to  have  a  more  "holistic"  clin- 
ical framework  for  our  patients.  To  state 
this  is  different  than  to  consider  cardiac  and 
pulmonary  rehabilitation  as  a  unique  thera- 
peutical tool.  As  clearly  established  in  the 
chapter  on  "Horizons  of  F\ilmon;iry  Reha- 
bilitation." "there  are  similarities  but  also 
distinct  differences  between  the  application 
of  rehabilitation  principles  to  patients  w  ith 
pulmonary  versus  cardiac  diseases."  .A  spe- 
cific discipline  is  defined  by  the  availability 


of  ( 1 )  specific  outcome  measurement.s  and 
( 2 1  a  "conira-science";  that  is.  a  science  with 
which  to  exchange  infomiation  and  progress. 
For  example,  for  pulmonary  rehabilitation 
the  contra-science  is  clearly  respiratory 
physiology  (or  pathophysiology).  A  cardi- 
ologist would  not  agree  with  this  definition 
of  contra-science  for  cardiac  rehabilitation, 
would  he'.'  Furthermore,  from  the  chapters 
devoted  to  the  outcome  measures,  the  reader 
gets  the  correct  impression  that  the  outcome 
measures  cannot  be  indifferently  used  in  ei- 
ther field  without  any  specific  validation. 

In  summary,  I  enjoyed  this  nice  book 
and  after  reading  it  I  feel  to  have  added  a 
little  to  my  knowledge  of  pulmonary  reha- 
bilitation. It  IS  not  a  negligible  result. 

Nlcolino  .Ambrosino  Ml) 

Lung  Function  and  Pulmonary  Unit 

Salvatore  Maugeri  Foundation 

Istituti  di  Ricovero  e  Cura  a 

Carattere  Scientifico 

.Scientific  Institute  of  Gussago 

Gussago.  Italy 
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B.  Adverse  event  or  oroduct  oroblem 


1  Adverse  event       .I'l 


Product  problem  >■     i      i'  UtA^  ni.iltuttctmfisi 


2    Outcomes  attrtbuted  to  adverse  event 

(check  all  thai  api'';  > 


□  death 


I    I  life-threatening 

I     I  hospitalization  -  initial  or  prolonged        LJ  o'^^^ 


I     I  disabrlity 

I     I  congenital  anomaly 

I     I  required  intervention  to  prevent 
permanent  impairment/damage 


J   Date  of 
event 


1  Date  of 
this  report 


Describe  event  or  problem 


Relevant  tests/laboratory  data,  tncluding  dates 


Other  relevant  history,  including  preexisting  medical  conditions  (e  g  ,  allergies, 
race,  pregnancy,  smoking  and  alcohol  use,  hepatic/renal  dysfunction,  etc.) 


t  medlcatlonis^ 


1    Name  (give  latwled  strengtti  &  mlrdabeler.  il  Known) 

K1 


«? 


Oose.  frequency  &  route  used 


»2 


1    Therapy  dates  (if  unknown,  give  duralion) 
«1 

«2 


1    Diagnosis  for  use  (indication) 


»2 


fi     LotSiilhnn 
«1 


#2 


7    Exp.  date  (if  known) 

01 


#2 


y    NDC  »  (tor  prortucl  problems  onlyi 


Event  at)ated  after  use 
stopped  or  dose  reduced 

•'  Dyes  D"o  Dgggfy"' 


«2nyesn"o  DigEPy"' 


8    Event  reappeared  after 
reintroductlon 

--'  Dyes  D"o  Dgggpy"' 


.2nyesn"o  ntggfy"' 


1 0    Concomitant  medical  products  and  Ifierapy  dales  (exclude  treatment  of  event) 


D.  Suspect  medical  device 


1     Brand  name 


Type  of  device 


3    fVlanufacturer  name  &  address 


6 
model  ff 

catalog  # 

serial  # 

lot «        _ 

other  # 


1    Operator  of  device 
I     I  health  professional 
I     I  lay  user/palieni 
I     I  other; 


5    Expiration  date 


7.   If  implanted,  give  date 

(morday/yf) 


6     If  explanted.  give  date 


9    Device  available  for  evaluation?  (Do  noi  send  to  FDA 

I     I    yei  Q  no  Q  relurned  to  manufacturer  on 


10    Concomitant  medical  products  and  therapy  dates  (exclude  treatment  of  event) 


r 

FDA  Form  3500  1/96) 


E.   Reporter  (see  confidentiality  section  on  back) 

1      Name  &  address 

phone  » 

J    Health  professional? 

n  yes  n "" 

3      Occupation 

4    Also  reported  to 

1     1      manulaclurer 
1    1      user  facility 

1     1      dlstn^utpr 

If  you  do  NOT  want  your  identity  disclosed  to    ^ , 

the  manufacturer,  place  an     X     in  this  box. 

Mail  to:     Ml  Ii\V\l(  II  or  FAX  to: 

5600  Fisfiers  Lane  1 -800-FDA01 78 

Rockville.  MD  20852-9787 

Submission  of  a  report  does  not  constitute  an  admission  that  medical  personnel  or  the  product  caused  or  contributed  to  the  event. 


ADVICE  ABOUT  VOLUNTARY  REPORTING 


Report  experiences  with: 

•  medications  (drugs  or  biologies) 

•  medical  devices  (including  in-vitro  diagnostics) 

•  special  nutritional  products  (dietary 
supplements,  medical  foods,  infant  formulas) 

•  other  products  regulated  by  FDA 

Report  SERIOUS  adverse  events.  An  event 
is  serious  when  the  patient  outcome  is: 

•  death 

•  life-threatening  (real  risk  of  dying) 

•  hospitalization  (Initial  or  prolonged) 

•  disability  (significant,  persistent  or  permanent) 

•  congenital  anomaly 

•  required  intervention  to  prevent  permanent 
impairment  or  damage 

Report  even  if: 

•  you're  not  certain  the  product  caused  the 
event 

•  you  don't  have  all  the  details 

Report  product  problems  -  quality,  performance 
or  safety  concerns  such  as; 

•  suspected  contamination 

•  questionable  stability 

•  defective  components 

•  poor  packaging  or  labeling 

•  therapeutic  failures 


How  to  report: 

•  just  fill  in  the  sections  that  apply  to  your  report 

•  use  section  C  for  all  products  except 
medical  devices 

•  attach  additional  blank  pages  if  needed 

•  use  a  separate  form  for  each  patient 

•  report  either  to  FDA  or  the  manufacturer 
(or  both) 

Important  numbers: 

•  1-800-FDA-0178    to  FAX  report 

•  1  -SOO-FDA-yyS?    to  report  by  modem 

•  1-800-FDA-1088    to  report  by  phone  or  for 

miore  information 
•1-800-822-7967     for  a  VAERS  form 
for  vaccines 

If  your  report  involves  a  serious  adverse  event 
with  a  device  and  it  occurred  in  a  facility  outside  a  doc- 
tor s  office,  that  facility  may  be  legally  required  to  report  to 
FDA  and/or  the  manufacturer.   Please  notify  the  person  in 
that  facility  who  would  handle  such  reporting. 

Confidentiality:   The  patient's  identity  is  held  in  stnct 
confidence  by  FDA  and  protected  to  the  fullest  extent  of 
the  law.  The  reporter's  identity,  including  the  identity  of  a 
self-reporter,  may  be  shared  with  the  manufacturer  unless 
requested  otherwise.   However.  FDA  will  not  disclose  the 
reporter's  identity  in  response  to  a  request  from  the 
public,  pursuant  to  the  Freedom  of  Information  Act. 


The  public  reporting  burden  tor  this  collection  of  information 
has  been  estimated  to  average  30  minutes  per  response 
including  the  time  tor  reviewing  instructions,  searching  exist- 
ing data  sources,  gathering  and  maintaining  the  data  needed, 
and  completing  and  reviewing  the  collection  ot  information. 
Send  comments  regarding  this  burden  estimate  or  any  other 
aspect  of  this  collection  of  information,  including  suggestions 
for  reducing  this  burden  to: 


DHHS  Reports  Clearance  Office 
Paperwork  Reduclion  Pfo)ecl  (0910-0291) 
Huben  H   HumpHrey  Building  Room  531-H 
200  Independence  Avenue,  S  V^ 
Wasnmglon   DC   20201 


An  agency  may  not  conduct  or  sponsor 
and  a  person  is  not  required  lo  respond  to 
a  collection  of  information  unless  it  displays 
a  currently  valid  OMB  control  number 


Please  do  NOT 
return  this  form 
to  either  of  these 
addresses. 


us  DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES 
Public  Health  Service  •  Food  and  Drug  Administration 


FDA  Form  3500-back 


Please  Use  Address  Provided  Below  -  Just  Fold  In  Thirds,  Tape  and  Mail 


Department  of 

Health  and  Human  Services 

Public  Health  Service 

Food  and  Drug  Administration 

Rockville.  MD  20857 

Official  Business 

Penalty  for  Private  Use  S300 


NO  POSTAGE 

NECESSARY 

IFf^AILED 

IN  THE 

UNITED  STATES 

OR  APO/FPO 


BUSINESS  REPLY  MAIL 

FIRST  CLASS  MAIL     PERMIT  NO.  946    ROCKVILLE.  MD 


POSTAGE  WILL  BE  PAID  BY  FOOD  AND  DRUG  ADMINISTRATION 


El^^TCH 


M 

The  FDA  Medical  Products  Reporting  Program 
Food  and  Drug  Administration 
5600  Fishers  Lane 
Rockville,  MD   20852-9787 
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American  Association  for  Respiratory  Care 


JJ. 


t  .oj^c  .cad  the  eligibility  requirements  for  each  of  itie  classifications  in  tfie 
rigtilfiond  column,  tfien  complete  tfie  applicable  section.  All  informotion 
requested  below  must  be  provided,  except  wfiere  indicoted  as  optional 
See  otfier  side  for  more  information  and  fee  scfiedule.  Please  sign  and  date 
application  on  reverse  side  and  type  or  print  clearly  Processing  of  applica- 
tion takes  approximately  15  days. 

n  Active 
Associate 

D  Foreign 

D  Pfiysicion 

n  Industrial 
D  Special 
n  Student 


Last  Name  _ 
First  Name 


Social  Security  No. 

Home  Address 

City 

State Zip 

Ptione  No   ( 1   


Primary  Job  Responsibility  fcfiecic  one  only) 

D  Tecfinical  Director 

n  Assistant  Tecfinical  Director 

D  Pulmonary  Function  Specialist 

D  Instructor/Educator 

D  Supervisor 

n  Staff  Tfierapist 

D  Staff  Tecfinician 

D  Rehabilitation/Home  Care 

D  Medical  Director 

D  Sales 

D  Student 

n  Otfier,  specify 


Type  of  Business 

.  Hospital 

D  Skilled  Nursing  Facility 

D  DME/HME 

D  Home  Healtfi  Agency 

D  Educational  Institution 

D  Manufacturer  or  supplier 

D  Otfier,  specify 


Date  of  Birtfi  (optional) 


Sex  (optional) . 


U.S.  Citizen? 


Yes 


No 


Hove  you  ever  been  a  member  of  tfie  AARC? 
If  so,  when?  From t 


4f 


Preferred  mailing  address:    H   Home    H  Business 


For  office  use  only 


FOR  ACTIVE  MEMBER 

An  .nd-vdi.o:  li  oiigiDle  ir  ne/iie  itvei  m  Tie  u  i    or  iH  terfdof.oi  or  *vai  on  Ac'i^c  Momoef 

Crior  lo  moving  ouliid©  its  border}  Of  territofiei,  ond  meeti  ONE  of  ttie  following  criteno  (1 )  t» 
igolly  credentioled  os  o  reipirotory  core  proieiiionol  if  employed  m  a  ilole  that  monootet 
sucfi,  OR  (21  "i  o  groduote  ot  on  occredited  educational  p<ogfom  m  reipiratory  care,  O*  (31 
fields  a  creaential  issued  by  tfie  NBRC  An  individual  wfio  is  on  AARC  Active  Member  m  good 
standing  on  December  8,  1994,  will  continue  as  such  provided  his/her  membership  remoms  in 
good  standing. 

PIEASE  USE  THE  ADDRESS  OF  THE  LOCATION  WHERE  YOU  PERFORM  YOUR  JOB.  NOT 
THE  CORPORATE  HEADQUARTERS  IF  IT  15  lOCATED  EI5EWHERE 

Place  of  Employment 

Address 

City 

State Zip ■ 


Phone  No. 


Medical  Director/Medical  Sponsor . 


FOR  ASSOCIATE  OR  SPECIAL  MEMBER 

Indivlduols  who  hold  o  position  reloted  to  respiratory  care  bu'  do  not  meet  the  requirements  of 
Active  Member  sholl  be  Associote  Members  They  have  all  the  rights  ond  benefits  of  the  Asso- 
ciotion  except  to  hold  office,  vote,  or  serve  as  choir  of  a  standing  committee  The  following  sub- 
classes of  Associote  Membership  are  available:  Foreign,  Physician,  and  Industrial  [individuols 
whose  primary  occupation  is  directly  or  indirectly  devoted  to  the  manufacture,  sole,  or  distribu- 
tion of  respiratory  care  eauipment  or  supplies).  Speciol  Members  ore  those  not  working  in  o 
respiratory  care-related  field 

PLEASE  USE  THE  ADDRESS  OF  THE  LOCATION  WHERE  YOU  PERFORM  YOUR  JOB,  NOT 
THE  CORPORATE  HEADQUARTERS  IF  IT  IS  LOCATED  ELSEWHERE 

Place  of  Employment 

Address 

City__ 


State 


.Zip 


Phone  No. 


FOR  STUDENT  MEMBER 

Individuals  will  be  classified  as  Student  Members  if  they  meet  oil  the  requirements  for  Associate 
Membership  ond  are  enrolled  in  on  educational  program  in  respirotory  core  occredited  by,  or 
in  the  process  of  seeking  accreditation  from,  on  AaRC -recognized  ogency. 

SPECIAL  NOTICE  —  Student  Members  do  not  receive  Continuing  Respiratory  Core  Education 
(CRCE)  transcripts.  Upon  completion  of  your  respirotory  care  education,  conhnuing  educoHon 
credits  may  be  pursued  upon  your  reclossificotion  lo  Active  or  Associate  Member, 

School/RC  Program 

Address 


City_ 
State 


.Zip 


Phone  No 


Lengrtt  of  program 

C    1  year 
2  years 

Expected  Date  of  Graduation  (REQUIRED 
information! 


4  years 
Other,  specify  . 


Month 


Year 


American  Assotiarion  for  Respiratory  Care  •  11 030  Abies  Lane  •  Dallas,  TX  75229-4593  •  [9721  243-2272  •  Fax  [972)  484-2720 


Americon  Association  for  Respiratory  Care 


^ir.rjiiT^rr 


^;Y7fi77 


Demographi€  Quesiions 

We  request  thai  you  answer  these  questions  in  order  to  help  us 
design  services  and  programs  to  meet  your  needs. 


Check  the  Highest  Degree  Earned 

High  School 

RC  Graduate  Technician 
Associate  Degree 
Bachelor's  Degree 
Master's  Degree 
Doctorate  Degree 

Number  o§  Years  in  Respiratory  Care 

0-2  years  C    11-15  Years 

3-5  years  D    1 6  years  or  more 

6-10  years 


Job  Status 

Full  Time 

n 

Part  Time 

Credentials 

L, 

RRT 

n 

CRT 

D 

Physician 

D 

CRNA 

n 

RN 

D  LVN/LPN 

D  CPFT 

D  RPFT 

D  Perinatal/Pediotric 


Salary 


Less  than  $  1  0,000 
D  $10,001 -$20,000 
"  $20,001-$30,000 
__  $30,001 -$40,000 
n   $40,000  or  more 


PLEASE  SIGN 

I  hereby  apply  For  membership  in  fhe  American  Association  for  Respirofory  Core 
and  hove  enclosed  my  dues.  If  approved  for  membership  in  the  AARC,  I  will  abide 
by  its  bylows  and  professional  code  of  elhics.  !  outhorize  investigation  of  all  state- 
ments contained  herein  ond  understand  thot  misrepresentations  or  omissions  of 
focts  called  for  is  cause  for  rejection  or  expulsion. 

A  yeorly  subscription  to  RESPIRATORY  CARE  journal  and  AARC  Times  magazine 
includes  an  allocation  of  $1 1 .50  from  my  dues  for  each  of  these  publications, 

NOTE:  Contributions  or  gifts  to  the  AARC  ore  not  tax  deductible  os  charitable  con- 
tributions for  income  tax  purposes  However,  they  may  be  tax  deductible  as  ordi- 
nary and  necessary  business  expenses  subject  to  restrictions  imposed  as  a  result  of 
association  lobbying  activities  The  AARC  estimates  that  the  nondeductible  portion 
of  your  dues  —  the  portion  which  is  allocable  to  lobbying  —  is  26%. 


Signature 
Date 


Membership  Fees 

Payment   must  accompany  your   application 

o  the 

AARC,   Fees 

are 

for 

12 

months.  (NOTE:  Renewal  fees  are  $75.00  Active,  Associate-lndustr 

al  or 

Associ- 

ate-Physician,   or   Special   status;    $90.00   for 

Associate-Foreign 

status; 

and 

$45.00  for  Student  status). 

D  Active 

$  87.50 

D  Associate  (Industrial  or  Physician) 

$  87.50 

n  Associate  (Foreign) 

$102.50 

D  Special 

$  87.50 

n  Student 

$  45.00 

TOTAL 

$ 

Specialty  Sections 

Established  to  recognize  the  specialty  areas  o 

respiratory  care,  ll 

lese 

sec 

ions 

publish  a  bi-monthly  newsletter  that  focuses  on 

issues 

of  specific  concern  to 

that 

specialty.  The  sections  also  design  the  specio 

Ity  programming  at 

the 

noti 

onol 

AARC  meetings. 

[i;  Adult  Acute  Care  Section 

$15.00 

n  Education  Section 

$20.00 

D  Perinotol-Pediatric  Section 

$15.00 

D   Diagnostics  Section 

$15.00 

D  Continuing  Care- 

Rehabilitation  Section 

$15.00 

Z^  Management  Section 

$20,00 

n  Transport  Section 

$15.00 

D   Home  Care  Section 

$15.00 

n   Subacute  Care  Section 

$15.00 

TOTAL 

$ 

GRAND  TOTAL  =  Membership  fee 
plus  optional  sections 


n  Total  Amount  Enclosed/Charged       $ 
D  Please  charge  my  dues  (see  below] 

To  charge  your  dues,  complete  the  following; 
□  MasterCard 
n  Visa 

Card  Number 


Card  Expires /_ 

Signature 


Mail  application  and  appropriate  fees  to: 
American  Association  for  Respiratory  Care  ■  1 1030  Abies  Lane  •  Dallas,  TX  75229-4593  •  [972]  243-2272  ■  Fax  [972]  484-2720 


RE/PIRATORy  OiRE 


Manusciipi  Preparation  (.uidc 


Respiratiir^'  Cari:  vvclconic>>  uriiiinal  manuscripts  rclalcd  to  the  sci 
ence  and  technology  ot  respirator)  care  and  prep;ired  according  to  the 
following  instruelions  and  Ihe  Uniform  Rcciuirements  for  Manuscripts 
SiihniitUil lo  Biniiialiail  Jiiiinuih  (a\ailable  at  hlip://ww»:icmje.orf>/ 
imk'x.himh.  Manuscripts  are  bhnded  and  reviewed  by  profession- 
als \s  ith  experience  in  the  subject  of  the  paper.  Authors  are  respon- 
sible for  obtaining  u rillcn  [vniiission  fmni  the  original  copyright  hokl- 
erto  use  pre\iousK  published  figures  and  tables.  Before  publication, 
authors  receive  page  proofs  and  are  allowed  to  make  only  minor  cor- 
rections. Accepted  manuscripts  are  copy-edited  for  clarity,  concision, 
and  consistcncN  with  Ri:sPIR.M'ORY  Care's  format.  Published 
papers  are  copyrighted  by  Daedalus  Inc  and  may  not  be  published  else 
where  without  permission,  tditorial  consultation  is  available  at  aii> 
stage  of  planning  or  writing:  contact  the  Editorial  Office.  600  Ninth 
Avenue,  Suite  702,  Seattle  WA  9SI()4,  (206)  223-0558,  fax  (206) 
223-0563,  H-mail:  rcjournal (3  aarc.org 

Categories  of  .\rticlcs 

Research  .\rticle:  A  repon  of  an  original  investigation  (a  study).  Must' 
include:  Title  Page.  Abstract,  Key  Words.  Introduction.  Methods, 
Results,  Discussion,  Conclusions,  and  References.  May  also  include: 
Tables,  Figures  (if  so.  must  include  Figure  Legends).  Acknowledg- 
ments, and  Appendixes. 

Review:  A  coniprehensi\e.  critical  re\  iew  of  the  literature  and  state- 
of-the-art  summary  of  a  topic  that  has  been  the  subject  of  at  least  40 
published  research  articles.  Must  include:  Title  Page.  Outline. 
Abstract.  Key  Words.  Introduction.  Review  of  the  Literature.  Sum- 
mary, and  References.  May  also  include:  Tables,  Figures  (if  so.  must 
include  Figure  Legends),  Acknowledgments,  and  Appendixes. 

Overview:  A  critical  review  of  a  pertinent  topic  that  has  fewer  than 
40  published  research  articles.  Same  structure  as  Review  Article. 

Update:  A  report  of  subsequent  developments  in  a  topic  that  has  been 
critically  reviewed  in  Rl-SPIR.^TORY  CAR)-:  or  elsewhere.  Same  struc- 
ture as  a  Review  Article. 

Special  .Article:  A  pertinent  paper  not  fitting  one  of  the  other  cate- 
gories. Consult  with  the  Editor  before  writing  or  submitting  such  a 
paper. 

Editorial:  A  pajX'r  addressing  an  issue  in  the  practice  or  administration 
of  respiratory  care.  It  may  present  an  opposing  opinion,  clarilv  a  posi- 
tion, or  bring  a  problem  into  focus. 

Letter:  A  brief,  signed  communication  responding  to  an  item  pub- 
lished in  Ri;sPlRAl()RV  C.\Rh  or  about  other  pertinent  topics. 
Tables,  Figures,  and  References  may  be  included.  The  letter  should 
be  marked  "For  Publication." 


Case  Report:  Report  of  an  uncommon  clinical  case  or  a  new  or 
impio\cd  method  ol  m;inagenient  or  treatment.  A  case-managing  physi- 
ciiin  must  either  be  an  author  or  fumi.sh  a  letter  approving  the  manuscript 
Must  include:  Title  Page.  Abstract.  Key  Words,  introduction.  Ca.se 
Summ;in, .  Discussion.  ;ind  References.  May  also  include:  Tables.  Fig- 
ures (if  so,  must  include  Figure  Legends),  and  Acknowledgments. 

l'(>int-of-Vie\v:  A  paper  expressing  personal  but  substantiated  opinions 
on  a  peniiienl  topic  Must  inclutle:  Title  Page.  Text,  and  References.  May 
also  include:  Tables  and  Figures  (if  so.  must  include  Figure  legends). 

Dru(;  Ca|)sule:  A  miniatua'  rev  ievs  pa|X"r  about  a  drug  or  class  of  drugs. 
Dnig  C.ifisulcs  address  phannacology.  phannacokinetics,  and/or  phar- 
macotherapy. 

Graphic-s  Comer:  A  brief,  instructive  case  report  discu.ssing  and  illus- 
trating waveforms  for  monitoring  or  diagnosis.  Musi  include:  Ques- 
tions. Answers,  and  Discussion. 

PFT  Corner:  A  brief,  instaictive  case  report  arising  from  pulmonary 
function  testing,  accompanied  by  a  review  of  the  relevant  physiolo- 
gy and  appropriate  references  to  the  literature.  Must  include:  Ques- 
tions. Answers,  and  Discussion. 

Test  Vour  Radiologic  Skill:  ,\  brief,  instaictive  case  report  pertinent 
to  respiratoiy  ciire  and  m\o\\  ing  imaging,  including  one  or  more  radio- 
graphs or  other  images  submitted  a.s  black  ;uid  white  glos.sy  photographs 
that  clearly  illustrate  the  teaching  points  being  made.  Must  include: 
Questions.  Answers,  and  Discussion. 

Preparing  the  Manuscript 

Double-space  the  text  and  number  the  pages.  Do  noi  include  author 
names.  autht)r  institutit)nal  affiliations,  or  ^illusions  to  institutit)nal  affil- 
iations anywheiie  except  on  the  title  page.  On  the  Abstract  page  include 
the  title  but  do  not  include  author  names.  Begin  each  of  the  follow- 
ing on  a  new  page:  Title  Page.  Abstract.  Text.  .'XcknovK  lc\Igments,  Ref- 
erences, each  Table,  each  Figure,  and  each  Appendix.  Use  standard 
English  in  the  first  person  and  active  voice.  Type  all  headings  in  ini- 
tial-capital letters  (eg.  Introduction.  Methods.  Patients,  liquipment. 
Statistical  AnaK  sis.  Results.  Discussion ).  Center  the  m;un  scvtion  head- 
ings and  place  second-level  headings  on  the  left  margin. 

.-Vbstract.  Please  ensure  that  the  abstract  does  not  contain  any  facts 
or  conclusions  that  do  not  also  ap[X';u'  in  the  IxkK  text.  Limit  ttie  abstract 
to  no  more  than  250  words. 

Key  Words.  Include  a  list  of  6  to  10  key  words  or  key  phrases  in 
Research  Articles.  Reviews.  Overv  lews.  Special  .Articles,  and  Case 
Rept)rts.  Key  words  ;ire  best  selected  from  the  Medical  Subject  Head- 
ings (MeSH )  used  by  MEDLINE  and  available  at  hiip./Am^wnliiuult/ 
^ov/mesli/Mbrowser.lilml. 
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Manuscript  Preparation  Guide 


References.  Assign  rL-fcrciwc  numbers  in  tlic  order  thai  articles  are 
cited  in  your  manuscript.  At  tiic  end  of  the  manuscript,  list  the  cited 
works  in  numerical  order.  Abbreviate  journal  names  as  in  liulex  Mcdi- 
ciis.  List  all  autlu)r^.  It' the  research  has  not  yet  been  accepted  tor  pub- 
lication, cite  the  research  as  a  personal  communication  (eg. 
Smith  KR.  personal  communication.  2001):  however,  you  imi.sl  ohlaiii 
wiitlci:  pcriiii\sion  from  llw  nutlior  to  cite  his  or  her  unpublished  ckitci. 
Do  not  number  such  a-t'erences;  instead.  m;ike  parenthetical  reference 
in  the  body  text  of  your  manuscript.  E,\ample:  "Recently,  Jones  et  al 
found  this  treatment  effective  in  45  of  8.3  patients  (Jones  HI.  personal 
communication.  2000)." 


Corporate  author  book: 

American  Medical  Association  Department  of  Drugs.  AMA 
drug  evaluations,  3rd  ed.  Littleton  CO:  Publishing  Sciences 
Group:  1977. 

Chapter  in  book  with  editor(s): 

Isono  S.  Upper  airway  mu,scle  function  during  sleep.  In:  Lough- 
lin  GM  Carroll  JL.  Marcus  CL.  editors.  Sleep  and  breathing  in 
children:  a  de\elopmental  approach.  (Lung  Biology  in  Health  and 
Disease,  Vol  147.  Claude  Lenfant.  Executive  Editor.)  New 
York/Basel:  Marcel  Dekker;  2000:261-291. 


The  following  examples  show  Ri:sP!RAT()RY  Care's  style 
for  references. 

Paper  accepted  but  not  yet  published: 

Hess  D.  New  therapies  for  asthma.  Respir  Care  (year,  in  press). 

.Article  in  a  journal  canning  pagination  throughout  the  volume: 
Legere  BM,  Kavuru  MS.     Pulmonary  function  in  obesity. 
Respir  Care  2000;45(8):967-968. 

Article  in  a  publication  that  numbers  each  issue  beginning  with  Page  I : 
Kallstrom  TJ.  Focus  on  asthma — disease  management:  a  role  for 
the  respiratory  therapist.  AARCTimes  l999:23(Oct):16,  17.  19. 

Corporate  author  journal  article: 

American  Association  for  Respiratory  Care.  Clinical  Practice 
Guideline.  Removal  of  the  endotracheal  tube.  Respir  Care 
1999:44(1  ):85-90. 

Article  in  journal  supplement:  (Journals  differ  in  numbering  and  iden- 
tifying supplements.  Supply  infonnation  sufficient  to  allow  retrieval.) 
Barnes  PJ.  Endogenous  inhibitory  mechanisms  in  asthma.    Am 
J  Respir  Crit  Care  Med  2000:  161(3  Pt  2):SI76-SI8I. 

Abstract  in  journal:  (Abstracts  citations  are  to  be  avoided,  and  those 

more  than  3  years  old  should  not  be  cited.) 

Volsko  TA.  De  Fiore  J,  Chatbum  RL.  Acapella  vs  flutter:  per- 
formance comparison  (abstract).  Respir  Care  20(X);45(8):991. 


Editorial  in  a  journal: 

Giordano  SP.     What's  that  sound.' 
2000:45(10):!  167-1 168. 


(editorial)  Respir  Care 


Editorial  with  no  author  given: 

The  perils  of  paediatric   research  (editorial).   Lancet 
1999:353(9154):685. 

Letter  in  journal: 

Piper  SD.  Testing  conditions  tor  nebulizers  (letter).  Respir  Care 
2000:45(8):971. 


World  Wide  Web 

American  Lung  Association.  Trends  in  pneumonia,  influenza,  and 
acute  respiratory  conditions  mortality  and  morbidity.  Febmary,  2000. 
http://www.lungusa.org/data.  Accessed  November  20.  2000. 

Tables.  Tables  should  be  consecutively  numbered.  At  the  bottom 
of  the  table  define  and/or  explain  all  abbreviations  and  symbols  used 
in  the  table.  For  footnotes  use  the  following  symbols,  superscripted, 
in  the  table  body,  in  the  following  order:  *.  t,  :j:.  §,  II.  1|,  **,  tt.  If 
data  include  a  "±"  value,  please  indicate  whether  the  value  is  a  stan- 
dard deviation  or  standard  error  of  the  mean. 

Figures  (illustrations).  Figures  include  graphs,  line  drawings,  pho- 
tographs, and  radiographs.  All  figures  should  be  sharp  black-and- 
white  images  and  be  camera-ready.  Glossy  prints  are  preferred,  but 
a  good  laser  print  will  do.  Use  only  illustrations  that  clarify  and  aug- 
ment the  text.  Radiographs  should  clearly  illustrate  the  point  being 
made  and  should  be  submitted  as  black-and-white  glossy  photographs. 
If  color  is  essential  to  the  figure,  consult  the  Editorial  Office  for 
more  infonnation.  In  reports  of  animal  experiments,  use  schemat- 
ic drawings,  not  photographs.  A  letter  of  consent  must  accompa- 
ny any  photograph  of  an  identifiable  person.  Number  figures  con- 
secutively as  Figure  I ,  Figure  2,  etc.  All  the  figures  must  be  mentioned 
in  the  text.  Every  figure  must  have  a  legend  (a  title  and/or  descrip- 
tion explaining  the  figure).  Figure  legends  should  appear  as  sep- 
arate paragraphs  at  the  end  of  the  manuscript  (after  the  References 
section),  in  the  same  computer  file  as  the  manuscnpt  (not  in  a  sep- 
arate file,  as  with  the  tables  and  figures). 

Do  not  create  scanned  versions  of  figures  borrowed  from  other  pub- 
lications; clear  photocopies  are  preferable.  To  include  figures  pre- 
viously published  in  other  publications  you  must  obtain  permission 
from  the  original  copyright  holder.  Figures  must  be  of  professional 
quality  and  a  copy  of  the  article  from  which  the  figure  came  should 
be  available. 

Drugs.  Preciselv  identifv  all  dmgs  and  chemicals  used,  giving  gener- 
ic (nonproprietary)  names,  doses,  and  methods  of  adimnistration. 
Brand  or  trade  names  ma>  he  given  in  parentheses  after  generic 
names. 


Book:  (For  any  book,  specific  pages  should  be  cited  whenever  ref- 
erence is  made  to  specific  statements  or  other  content.) 

Cairo  J.M.  Pilbeam  SP.  Mosby's  respiratory  care  equipment,  6th 

ed.  .St  Louis:  Mosby:  1999:76-85. 


Commercial  Products.  In  the  text,  parenthetically  identify  com- 
mercial products  only  on  tlrst  mention,  giving  the  manufacturer's 
name  and  kxation.  Example:  "We  performed  spiromeUT,  (1085  Sys- 
tem. Medical  Graphics.  Minneapolis.  Minnesota)."  Pro\  ide  model 
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lujiiiK'is  >l  .i\.iil,ihlc.  ami  inamilacliiaT's  suggested  price  if  the  study 
has  cDsl  lmtilii.alu)iis. 

Permissions:  \ou  imisi  ohlani  urilleii  pcrmissum  to  use  pictures 
ot  identitiable  indi\  iduals  or  to  name  iiidi\  nluals  in  the  Aeknoul- 
edgiiients  section,  ^'ou  must  obtam  written  permission  Irom  the 
originul  copyright  holder  to  use  figures  or  tables  from  other  pub- 
lications. Copies  of  all  applicable  permissions  must  be  on  file  at 
RliSPIR.MORV  C.ARl-;  before  a  manuscript  goes  to  press.  Copyriglil 
is  most  often  held  by  the  jouniai  or  book  in  v\  hich  the  figure  or  table 
originally  appeared  and  applies  to  the  creativity,  style,  and  form 
in  which  the  facts/data  are  presented  to  the  reader:  the  facts  them- 
selves ;ire  not  cop>  right-protectable.  Tlieivfore.  |X'miission  is  rei|uireil 
to  reproduce  a  table  or  figure  directly,  or  with  minor  adaptations, 
from  a  journal  or  book,  but  permission  is  not  required  il  data  are 
extracted  and  presented  in  a  new  format.  In  that  ease,  cite  the  source 
of  the  data  as  in  the  following  example;  "Adapted  from  Reference 
23." 

Ethics.  When  reporting  experiment.s  on  human  subjects,  indicate  that 
procedures  were  conducted  in  accordance  w  ith  the  ethical  standards 
of  the  World  Medical  Assodcition  Dcclamlion  oj  Helsinki  ^•^cc  Respir 
Care  1997;42(6):635-636;  also  available  at  litip:/Av\yw.uiiia.nci/e/ 
17-c_eparaiiiaplmwnbcrinfi.luml)  or  of  the  institution's  committee 
on  human  experimentation.  State  that  informed  consent  was 
obtained.  Do  not  use  patients"  names,  initials,  or  hospital  numbers  in 
text  or  illustrations.  When  reporting  experiments  on  animals,  indicate 
that  the  institution's  policv.a  national  guideline,  or  a  law  on  the  care 
and  use  of  laboratory  animals  was  followed. 

Statistics.  Identify  the  statistical  tests  used  in  analyzing  the  data  and 
give  the  prospectively  determined  level  of  significance  in  the  Meth- 
ods section.  Report  p  \  alues  in  the  Results  .section.  Cite  only  textbook 
and  published  article  references  to  support  choices  of  tests.  Paren- 
thetically identify  anv  computer  programs  used.  If  data  include  a  "±" 
\  alue.  please  indicate  w  hether  the  \  alue  is  a  st;uid;ird  deviation  or  st;m- 
dard  error  of  the  mean. 

Units  of  Measurement  Expnsss  all  mea.suiBments  in  SI  [Sysleme  Inter- 
natiomde)  units  (units  and  conversion  factors  listed  at  Respir  Care 
1997;42(6):640  and  also  available  at  hrtp://\\\\w. rcjoitriud.com/ 
aiithor_guide/.  Show  gas  pressures  (including  blood  gas  tensions)  in 
millimeters  of  mercury  ( inm  Hg). 

Conflict  of  Interest.  On  the  co\er  page,  authors  must  disclose  any 
liaison  or  financial  arrangement  they  have  with  a  inanufaclurer  or 
distributor  whose  product  is  addressed  in  the  manuscript  or  with  the 
manufacturer  or  distributor  of  a  competing  product.  Such  arrange- 
ments do  not  disqualify  a  paper  from  consideration  and  are  not  dis- 
closed to  reviewers.  Reviewers  are  screened  for  possible  conflict  of 
interest. 

Abbreviations  and  Symbols.  Use  the  standard  abbreviations  and 
symbols  listed  at  RespirCare  1997;42(6):637-642  (also available 
at  http://\\\vw. rejourned. c()itiyauth(>r_giiide/).  Do  not  create  new 
abbreviations.  Do  not  use  abbreviations  in  the  title  or  section  head- 
ings and  do  not  use  unusual  abbreviations  in  the  abstract.  Use  an 


abbreviation  oiils  il  the  term  occurs  4  or  more  limes  in  ihc  paper. 
Parenthetically  define  till  abbreviations:  write  out  the  full  term  on 
first  mention,  fiillowed  by  the  abbreviation  in  parentheses. 
Example:  chronic  obstructive  pulmonary  disease  (COPD).  There- 
after use  only  the  abbreviation.  Standard  units  of  measurement  and 
scientific  terms  can  be  abbreviated  without  explanation  (eg.  L/min, 
mm  Hg.  pll.  Oi). 

I'k-ase  use  the  following  forms:  cm  H:0(notcmH20).  f  (notbpm). 
I  (not  11.  IVmin  (not  IPM.  1/inin.  or  Ipnu.  ml.  (not  ml),  mm  Hg  (not 
mmHg).  pi  I  ( not  Pli  or  PH ).  p  >  0.()()l  (not  p>().(K)l ).  s  (not  sec).  Spf): 
(arterial  oxygen  saturation  measured  via  pulse-oximciry). 

Prior  and  Duplicate  Publication.  In  general,  do  not  submit  work  that 
has  been  published  or  accepted  elsewhere,  though  in  special 
instances  the  Editor  may  consider  such  material  if  the  original  pub- 
lisher grants  permission.  Please  consult  the  Editor  before  submitting 

such  work. 

Authorship.  All  persons  listed  as  authors  must  have  participated  in 

the  repoTlcd  work  and  in  the  shaping  of  the  manuscript,  all  must  have 
proofread  Ihc  submitted  manuscript,  and  all  should  be  able  to  pub- 
licly discuss  ;md  defend  the  paper's  content.  A  paper  ofcorfx rate  author- 
ship must  specify  the  key  persons  responsible  for  the  article.  Attri- 
bution of  authorship  is  not  based  solely  on  solicitation  of  funding. 
collection  or  analysis  of  data,  provision  of  advice,  or  similar  services. 
Persons  who  pro\  ide  such  ancillary  ser\  ices  may  be  recx)gnized  in  an 
.Acknowledgments  section,  but  written  permission  is  required  from 
the  persons  acknowledged. 

Reviewers:  Please  supply  the  niuiies.  credentials,  al'tlliations.  address- 
es, and  phone/fa.x  numbers  of  3  professionals  w  horn  you  consider  expert 
on  the  topic  of  your  paper.  Your  manuscript  may  be  sent  to  one  or 
more  of  them  for  blind  peer  review. 

Submitting  the  Manuscript 

Submit  3  printed  copies  and  one  (3..^-inchi  computer  diskette.  The 
printed  copies  should  each  include  phiitocopies  of  all  of  the  Figures. 
Tables,  and  Appendixes.  On  the  diskette,  the  manuscript  should  be 
in  one  file  and  the  tables  in  a  separate  file.  If  soft  copies  of  the  fig- 
ures are  a\  ailable.  the\  should  also  be  in  a  separate  file.  However,  do 
not  create  scaimed  versions  oJJi};iires  borrowedfrom  other pMications: 
clear  photocopies  are  preferable.  Include  the  completed  Cover  Let- 
ter and  Checklist  (see  next  page)  and  pemiission  letters.  Mail  to  RES- 
t'lRAIORV  C.VRlv.  600  Ninth  A\enue.  Suite  702.  Seattle  V\A  98104. 
Do  not  fax  manuscripts.  Receipt  w  ill  be  acknowledged. 

Respiratory  Care 
Fdit()rial  Office: 

600  Ninth  Avenue.  Suite  702 
Seattle  W A  98104 

(206)  223-0.^58  (voice) 

(206)  223-0563  (fax) 

rcjournal@aarc.org 
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A  copy  of  this  completed  form  must  accompany  all  manuscripts  submitted  tor  publication. 


Title  of  Paper: 

Publication  Category: 


Corresponding  Author: Phone: FAX:. 

Mailing  Address: 

Reprints:     QYes    □  No  E-mail  Address: 


"We,  the  undersigned,  have  all  participated  in  the  work  reported,  proofread  the  accompanying  manuscript,  and  approve  its  sub- 
mission for  publication."  Please  print  and  include  credentials,  title,  institution,  academic  appointments,  city  and  state.  If  more 
than  4  authors,  please  use  another  copy  of  this  form.* 


'First  Author:. 


Author  Signature/Date _ 


'Second  Author: 


Author  Signature/Date, 


"Third  Author: 


Author  Signature/Date^ 


'Fourth  Author: 


Author  Signature/Date. 


Has  this  research  been  presented  in  any  public  forum?        □  Yes     □  No 
If  yes,  where,  when  and  by  whom? 


Has  this  research  received  any  awards?         □  Yes     □  No 
If  yes,  please  describe. 


Has  this  research  received  any  grants  or  other  support,  financial  or  material?       □  Yes     □  No 
If  yes,  please  describe 


Do  any  of  the  authors  of  this  manuscript  have  a  financial  interest  in  (or  a  commercial  or  consulting  relationship  to)  any  of  the 
products  or  manufacturers  mentioned  in  this  paper  or  any  competing  products  or  manufacturers?        □  Yes     Zl  No 


If  yes,  please  describe. 


Have  you  enclosed  a  copy  of  the  manuscript  on  diskette? 

Is  double-spacing  used  throughout  entire  manuscript? 

Are  all  pages  numbered  in  upper-right  corners? 

Are  all  references,  figures,  and  tables  cited  in  the  text? 

Has  the  accuracy  of  the  references  been  checked,  and  are  they  correctly  formatted? 

Have  SI  values  been  provided? 

Has  all  arithmetic  been  checked? 

Have  generic  names  of  drugs  been  provided? 

Have  necessary  written  permissions  been  provided? 

Have  authors'  names  been  omitted  from  text  and  figure  labels? 

Have  copies  of  'in  press'  references  been  provided? 

Has  the  manuscript  been  proofread  by  all  the  authors? 

Have  the  manufacturers  and  their  locations  been  provided  for  all  devices  and  equipment  used? 
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New  Products 
&  Services 


Minialiiri'  Oririce.  The  Lee  Company 
caIN  lis  new  IMH  orifice  lor  liquids  an 
econoinicai.  highh  acLiirale  iiiiiiiature  rc- 
slrictor  thai  can  he  used  in  medical  instru- 
mcniation  and  disposables,  hydraulic 
controls,  and  commercial  and  industrial 
applications.  According  to  the  company, 
the  device  is  now  available  in  .'i.'  standard 
flow  rates  and  the  stainless  steel  orillce  is 
100%  flow  tested  in  both  directions  to  en- 
sure flow  tolerance  as  tight  as  ±  2%.  Lee 
Company  press  tnaterials  say  the  new  de- 
vice utilizes  the  company's  field-proven 
controlled  e.xpansion  principle  that  makes 
it  easy  and  economical  to  install,  provides 
retention  up  to  21  Mpa  (3.000  psi)  and 
crates  a  leak-tight  seal  that  prevents  any 
by-pass  leakage.  I-or  more  information 
from  The  Lee  Company,  circle  number 
169  on  the  reader  service  card  in  this 
issue,  or  send  your  request  electronically 
via  "Advertisers  Online"  at 
http://www.aarc.org/buyers_guide/ 


^ OuoM.  t .  ,.^#DuoNeb  | 


Dual-Therapy  Nebulizer  .Solution.  Dey 

LP.  an  Associate  of  Merck  KCia.A  In  (ier- 
many.  has  announced  the  FDA  apprm  al 
of  DuoNeb  (ipratropium  bromide  and  all- 
buteral  sulfate)  inhalation  solution  for  the 
treatment  of  bronchospasm  associated 
with  COPD  in  patients  who  require  more 
than  one  bronchodilator.  .'According  to 
Dey,  DuoNeb  combines  two  well-known 
respiratory  solutions,  albuterol  sulfate 
and  ipratropium  bromide,  in  one  pre- 
mixed  premeasured.  unit-dose  vial  for 
nebulization.  Dey  press  materials  say  the 
premixed  and  premeasured  solution  of- 
fers several  advantages:  faster  treatment 
time,  reduced  chance  for  medication 
error,  lower  risk  of  cros-contamination. 
and  less  waste.  For  more  information 
from  Dey  LP,  circle  number  170  on  the 


reader  service  card  in  this  issue,  or  send 
your  request  electronically  via  "Advertis- 
ers Online  "  at  hltp://www. aarc.org/ 
buyers_gulde/ 


Oxygen  Monitor.  Radiometer  America 
Ine  launches  their  multi-channel  transcu- 
taneous oxygen  monitor  —  the  TCM400. 
Company  press  materials  describe  the 
new  device  as  fully  portable,  modular 
system  which  an  simultaneously  monitor 
up  to  six  different  sites  on  a  patient.  Ac- 
cording to  Radiometer,  the  results  pro- 
duced by  the  TCM400  are  reliable  and  re- 
producible as  the  instrument  houses  an  in- 
ternal barometer  that  automatically 
calculates  the  correct  calibration  value. 
The  company  says  pressing  one  button 
calibratres  all  6  electrodes  within  2-3 
minutes.  For  more  information  from  Ra- 
diometer America,  circle  number  171  on 
the  reader  service  card  in  this  issue,  or 
send  your  request  electronically  via  "Ad- 
vertisers Online"  at  http://ww'w. aarc.org/ 
buvers  auide/ 


Anti-Stick  Surgical  Glove.  Trademark 
Medical  intriKluces  their  physician-invent- 
ed, puncture-proot.  surgical  gimlx'l  gloves. 
According  to  Trademark,  their  new  gloves 
provide  a  KXKW  increase  in  protection  over 
double  gloving  with  latex.  The  company 


says  the  fingertip  pads  provide  signiricani 
protection  against  punctures  from  needles, 
wires,  bone  fragments,  and  cuts/slashes 
from  scalpels  and  other  sharp  objects.  Press 
materials  also  explain  that  the  gloves  mini- 
mize the  potential  threat  of  latex  allergy  by 
exceeding  the  new  proposed  FDA  require- 
ments for  waler-soluable  miscro-thin  poly- 
mer mesh  protein  levels.  For  more  informa- 
tion from  Trademark  Medical,  circle  num- 
ber 172  on  the  reader  service  card  in  this 
issue,  or  send  your  request  electronically 
via  "Advertisers  Online"  at 
http://www.aarc.org/buyers_guide/ 


DLco  Simulator.  Hans  Rudolph  Inc  in- 
troduces the  new  DLco  Simulator  with 
Easy  Lab  QC  Software  for  use  with  sin- 
gle-breath carbon  monoxide  diffusing  ca- 
pacity (DI.co)  equipment.  According  to 
the  manufacturer,  the  5560  Series  Simu- 
lator allows  for  checking  the  accuracy 
and  variability  of  a  DLco  instrument. 
Hans  Rudolph  claims  that  the  Easy  Lab 
QC  Software  aids  in  defining  how  the  in- 
strument computes  DLco.  charting  and 
graphing  the  instrument's  performance 
against  the  Simulator's  projected  values. 
It  also  charts  and  graphs  the  comparison 
of  the  data  obtained  Irom  biological  con- 
trol subjects  and  performs  linearity 
checks  of  gas  analyzers.  When  config- 
ured with  the  appropriate  precision  gases 
for  various  DLco  devices,  according  to 
the  manufacturer,  it  will  accurately  pro- 
duce a  wide  range  of  DL  values.  For  more 
information  from  Hans  Rudolph,  circle 
number  173  on  the  reader  service  card  in 
this  issue,  or  send  your  request  electroni- 
cally via  "Advertisers  Online"  at 
http://www.aarc.org/buyers_guide/ 
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Calendar 
of  Events 


Date 


AARC  &  State  Society  Programs 


Contact 


Aug.  14 


Aug. 29-31 


Professor's  Rounds  2001  Live 
Videoconference.  Program  6 


AARC,  (972)  243-2272 


West  Virginia  Society  for  Respiratory  Care's 
Respiratory  Reunion;  Charleston,  WV 


Jay  Wildt  at  (304)  442-7474  or  jay.wildt® 

mghwv.org;  or  Anna  Parkman  at 

(304)  357-4837  or  AParkman@ucw/v.edu 


Sept.  1 1 


Professor's  Rounds  2001 
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Ultrasonic  Spirometry... 

Breakthrough  in  Pulmonary 
Function  Testing 


ndd  Medical  Technologies  introduces  the  EasyOne    Spirometry 
System,  the  first  to  use  Ultrasonic  Flow  Measurement  Technology. 

Ultrasonic  delivers! 

The  open  flow  path  eliminates  hassles.    There  are  no  codes  to 
enter,  no  screens  to  catch  sputum,  and  no  moving  parts  to 
gum-up  or  wear  out.    The  hygienic  mouthpiece  eliminates 
the  need  for  cleaning  between  patients. 

The  EasyOne'"  Diagnostic  Spirometer  is  a  portable,  full- 
function  unit  packed  with  all  the  features  you  expect, 
and  meets  the  1994  ATS  recommendations 
for  diagnostic  spirometry. 

Also  available  is  the  EasyOne'" 
Frontline  Spirometer,  a  simpler  version 
designed  for  quick 
assessment. 

JheEasyWare'" 
software  allows  you 
to  interface  the  EasyOne 
spirometer  with  a  pc. 

Contact  us  to  find  out  how 
Ultrasonic  Flow  Measurement 
can  make  spirometry  faster, 
easier,  more  reliable,  and  more 
affordable  for  you. 
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NewEZ'PAP:  Ihe  EASY  option  for  ateletfasis. 
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When  incentive  spirometry  alone  won't  open  patients'  airways,  expand  your 
options  with  new  EZ-PAP.  It  makes  providing  positive  airway  pressure 
positively  easy.  Simply  connect  to  a  tlow  meter  (wall  air  or  Ot  for 
enhanced  FiOi ),  adjust  to  ."^  - 1.^  Ipm.  and  instruct  the  patient  to  breathe 
diaphragmatically  through  the  mouthpiece  or  mask. 
No  equipment  to  roll  around.  No  labor-intensive 
CPT.  No  extensive  training.  Just  a  few  minutes  of 
therapy,  once  an  hour  —  not  for  hours  at  a  time. 


EZ-PAP  features  a  pressure  port  for  connection  to  a  gauge  (recommended 
for  initial  use  with  each  patient),  and  standard  22-mni  OD  fitting  to 
accommodate  a  mouthpiece  or  3  mask  options.  For  more  infomiation. 
call  DHD  Healthcare  [oWAkc  loda\:  1-S00-S47-S(t()0. 
Circle  137  on  product  info  card 


